CLEARINGHOUSE  FOR  FEDERAL  SCIENTIFIC  AND  TECHNICAL  INFORMATION  CFSTI 

DOCUMENT  MANAGEMENT  BRANCH  410.11 


LIMITATIONS  IN  REPRODUCTION  QUALITY 


ACCESSION  s  ,/ 


Q  I.  LEGIBILITY  OF  THIS  DOCUMENT  IS  IN  PART  UNSATISFACTORY. 

REPRODUCTION  HAS  BEEN  MADE  FROM  THE  BEST  AVAILABLE  COPY. 


Q  2  ORIGINAL  DOCUMENT  CONTAINS  COLOR  OTHER  THAN  BLACK  AND  WHITE 
AND  IS  AVAILABLE  IN  LIMITED  SUPPLY.  AFTER  PRESENT  STOCK  IS  EX¬ 
HAUSTED.  IT  WILL  BE  AVAILABLE  IN  BLACK-AND-WHITE  ONLY. 


n  3  THE  REPRODUCIBLE  QUALITY  OF  THIS  DOCUMENT  IS  NOT  ADEQUATE 
FOR  PUBLIC  SALE.  AVAILABLE  TO  CUSTOMERS  OF  THE  DEFENSE 
DOCUMENTATION  CENTER  ONLY 


n  4  DOCUMENT  AVAILABLE  FROM  CLEARINGHOUSE  ON  LOAN  ONLY 
(TECHNICAL  TRANSLATIONS). 


PROCESSOR; 


Best 

Available 

Copy 


TROPICAL  PROPAGATION  RESEARCH 


O 


'A  ^ 

.»  v|' 


Semi-annual  Report  No.  1 

JULY  1962  -  DECEMBER  1962 

'CO^Y 


Prepared  for 


OF 


' 


f  I  '  I  I  1 1  '  ;  ' 

iv.  .LihJ  1  I  vj.’  1  L 


4)  .  , 


/ 


/ 


U.S.  ARMY  ELECTRONICS  RESEARCH  AND 
DEVELOPMENT  LABORATORY 


Signal  Corps  Contract 
DA  36-039  SC-90889 


JANSKY  &  BAILEY 

A  Division  of  Atlantic  Research  C 
Washington,  D.  C. 


orporation 
Aiexanefria,  V  a  . 


TROPICAL  PROPAGATION  RESEARCH 

Semi-Annu.il  Report  No.  1 
July  1962  -  December  1962 


Prepared  for 

U.S.  ARMY  ELECTRONICS  RESEARCH 
AND  DEVELOPMENT  LABORATORY 


Signal  Corps  Contract 
DA  36-039  SC-90889 


Approved  by 


A. 


Frank  T.  Mitchell,  Jr. 
Director,  Research  and 
Engineering  Division 


L.  G.  Sturgill 
Proj  eel  Die  oc  tor 


TABLE  OF  CONTENTS 


Section  Page 

ABSTRACT  .  i 

LIST  OF  ILLUSTRATIONS .  ii 

1.0  INTRODUCTION . 1-1 

2.0  GENERAL  DISCUSSION . 2-1 

3.0  LITERATURE  REVIEW . 3-1 

3.1  Measurement  of  Factors  Affecting  Jungle  Radio 

Communications . 3-1 

3.2  Radio  Propagation  Through  New  Guinea  Rain  Forest.  3-4 

3.3  Project  Yo-Yo  Field  Experiments  .  .  3-9 

3.4  Radio  Propagation  Above  40  Me  Over  Irregular 

Terrain . 3-11 

3.5  The  Influence  of  Trees  on  Television  Field 

Strength  at  Ultra-High  Frequencies . 3-16 

3.6  Height  Gain  Measurements  at  VHF  and  UHF  Behind 

a  Grove  of  Trees . 3-20 

4.0  SITE  SURVEY . 4-1 

5.0  TEST  PLAN . 5-1 

5.1  Description  of  Measurements  .  5-3 

5.2  Dcocription  of  Test  Equipment . 5-9 

5.3  Description  of  Measurement  Techniques  ......  5-19 

5.4  Field  Deta  Reduction . 5-27 

6.0  DATA  ANALYSIS . 6-1 

6.1  Calculation  of  Radio  Refractivity  and  Effective 

Earth's  Radius  Factor  .  6-3 

6.2  Prediction  of  Basic  Transmission  Loss  Over 

Line-of-Sight  Paths  .  6-11 

6.3  Prediction  of  Basic  Transmission  Loss  Over 

Paths  Beyond  the  Line-of-Sight . 6-22 

6.4  Terrain  Roughness  Factors  .  6-25 

7.0  PROJECT  PERSONNEL . 7-1 

8.0  FUTURE  WORK  PLANS . 8-1 

9.0  MEETINGS  AND  CONFERENCES . 9-1 

APPENDIX  .  A 

An  Analysis  of  the  Quadrant  Dipole  Antenna 


ABSTRACT 


This  report  describes  the  work  performed  by  Jansky  & 
Bailey,  A  Division  of  Atlantic  Research  Corporation  under  Signal 
Corps  Contract  DA  36-039  SC-90889  during  the  six  month  period  from 
July  1962  to  January  1963. 

The  basic  concepts  of  the  theoretical  and  experimental 
studies  of  radio  propagation  in  jungle  environments  are  reviewed. 
Results  of  a  survey  of  literature  pertaining  to  radio  propagation 
in  tropical  areas  and  propagation  over  rough  terrain  are  included. 
The  details  of  a  site  survey  are  presented  and  describe,  to  a 
certain  extent,  the  environment  in  which  the  proposed  tests  will 
be  conducted. 

A  discussion  of  the  tests  planned  include:  a  description 
of  the  measurements,  test  equipment  and  measurement  techniques. 

The  theoretical  studies  required  to  fulfill  the  requiremc-n ts  of  the 
contract  are  summarized  and  prese.itod  along  with  the  results  accom¬ 
plished  to  date.  A  theoretical  analysis  of  the  quadrant  dipole 
antenna  is  included  in  the  appendix. 
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INTRODUCTION 


1  .  0 

The  Jansky  8c  Bailey  Division  of  Atlantic  Research  Corpora¬ 
tion,  Alexandria,  Virginia,  is  engaged  in  a  program  to  conduct  theo¬ 
retical  and  experimental  studies  of  radio  propagation  in  jungle  en¬ 
vironments.  The  purpose  of  this  program  is  to  obtain  formation 
that  will  serve  as  guidance  (1)  for  the  more  efficient  . " n  of 
presently  available  radio  equipment  and  (2)  for  the  des'.:’.  and  de¬ 
velopment  of  now  equipment  which  is  intended  to  provide  -nort  range 
tactical  communications  through  tropical  jungles.  Under  the  direc¬ 
tion  of  the  U.S.  Army  Electronics  Research  and  Development  Agency 
(USAELRDA)  this  work  is  being  carried  out  through  Contract 
DA-36-039-SC-90889  and  in  accordance  with  Signal  Corps  rcchnical 
Requirement  SCli-4379A,  dated  13  July  1962,  which  has  been  specified 
in  this  contract. 

Contract  Modification  1,  dated  29  August  1962,  directed 
the  contractor  to  carry  out  the  IVimary  Field  Tests  of  this  program 
at  a  location  in  Thailand  and  to  integrate  the  technica'  objectives 
and  experimental  results  of  this  program  into  the  Southi-asi  Asia 
Communications  Research  Pr'oject  (SFjACORE)  .  Undi'r  the  ovi-r-all  manage 
ment  of  the  Advanced  Research  Projeot  Agency  (ARPA),  work  on  IVi^ject 
SEACORE  is  being  contluf:ted  in  both  the  (hiited  Stati's  and  Soutlieast 
Asia.  In  Tliailand,  ARPA  has  established  the  ARPA  Resea.rch  and  !)<>- 
velopment  Field  Unit  to  coordinate  Fh'oject  SE/XCORE  anti  oUit'r  re¬ 
search  and  development  field  effort.s  which  are  being  applied  in 
that  area  of  Southeast  Asia.  The  SEACORE  objective  with  whicti 
Jansky  &  Bailey  is  primarily  concerned  is  tiiat  of  obta.;.  ing  tlie 
theoretical  and  experimental  knowledgt*  of  radio  propaga'  ;on  in  tropi¬ 
cal  jungle  terrain  necessary  to  develop  improved  conimun  .  at  ions 
teclinuiues  and  devices  needed  by  friendly  indigenous  foi  <  in 
Sou  theas  t  As i a  . 
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GENERAL  DISCUSSION 


The  communication  engineer  concerned  with  the  employment 
of  tactical  radio  systems  in  a  tropical  Jungle  environment  is  con¬ 
fronted  with  a  wide  variety  of  problems  and  limitations  which  arise 
from  difficulties  in  propagating  a  radio  wave  through  the  lossy 
jungle  growth.  These  problems  and  limitations  can,  perhaps,  be 
brought  into  focus  more  clearly  by  a  brief  reference  to  ihe  trans¬ 
mission  loss  equation,  commonly  written  in  the  following  form: 

-  L,  -  -  G  +  S/N  +  F  +  R  +  P+  K  (db'  (2.1) 

t  b  t  r  a  p 

where 

P^  -  minimum  power  required  for  satisfactory  trans¬ 
mission 

-  basic  transmission  loss,  or  path  loss 

G^  ”  the  transmitting  antenna  power  gain 

Q 

r  -  the  receiving  antenna  power  gain 
S/N  -  the  required  receiver  signal-to-noise  ratio 

F  -  the  local  noise  grade,  when  it  is  applicable 
& 

R  -  the  factor  introduced  for  reliability  reasons 
P 

P  -  polarization  alignment  factor,  generally  0  db 

K  “  lumped  losses  due  to  transmission  lines,  etc. 


In  the  above  equation,  the  only  factors  which  are  not 
associated  directly  with  the  performance  of  the  transmitting  and 


receiving  equipments 
with  the  propagation 


H. 


mechanism  and 


Of  these  two,  presents  much  the 
dea  1 . 


The  factor  is  associated 
F  with  the  geographical  location, 
greater  difficulty  with  which  to 


In  the  cases  of  the  more  conventional  modes  of  propaga¬ 
tion  over  a  smooth  earth  (such  as  the  conventional  ground  wave,  line- 
of-sight,  etc.)  the  behavior  of  path  loss,  Lp,  as  a  function  of  dis¬ 
tance  from  the  transmitting  antenna  and  as  a  function  of  frequency 
is  fairly  well  understood  through  the  continual  accumulation 


( 

I 


2-1 


of  pertinent  data  over  the  years  which  have  been  analyzed  and  refined, 
consequently,  under  these  circumstances,  the  above  equation  can  be 
applied  to  systems  using  these  modes  to  predict  system  performance 
and  to  indicate  directions  toward  system  improvement,  with  a  small 
uncertainty  in  tlie  results. 

However,  when  the  propagation  path  involves  a  rough 
boundary  (such  as  an  irregular  terrain  or  terrain  covcj'ed  with 
foliage),  the  natural  behavior  of  is  statistical  in  both  time 
and  space.  A  graphic  example  of  this  behavior  in  relation  to  rough 
terrain  is  provided  by  Figure  2.1  which  was  taken  from  wcm  k  previously 
done  by  this  contractor.  Therefore,  to  deal  cons  t  rue  i  \'c  !.  y  with  the 
parameter,  ,  and  its  effect  in  the  cited  transmission  equation  re¬ 
quires  the  language  and  techniques  of  statistical  methods  and  prob¬ 
ability  t  heor  y  . 

The  somewhat  deterministic  concepts  of  radio  propagation 
loss  are  gradually  giving  way  to  the  concepts  which  relat"'  the  sys¬ 
tem  parameters  in  ttie  transmission  equation  to  some  probability 
distribution  of  a  succesilal  signal  reci'ption  at  the  rec(Mvcr.  More 
often,  today,  the  questions  art'  asked,  "What  is  the  probability  that 
a  given  transm i t ter -rece i ver  system  will  communicate  at  a  certain 
range  in  a  particular  modt*  of  propagation?";  "What  is  the  probability 
that  two  transceivers  can  communicate  wlien  separated  a  Jistance,  d, 
in  a  Thailand  Jungle?",  "How  does  the  statistical  distribution  of 
terrain  elevation  affect  this  probability?" 

To  answer  these  questions  as  vhey  apply  to  radio  wave 
Iiropagation  requires  a  quantity  of  data  lepresenting  sa'^oles,  or 
measures,  of  the  propagation  phenomena.  ,  which  have  b^'ea  observed 
over  an  interval  of  time  and  space  w.th  the  remainder  of  t.'ie  system 
parameters  in  the  preceding  equation  held  ideally  at  a  fixed  state. 

The  jirincipal  Tasks  presented  in  Signal  Corps  Toclinical 
Requirement  .SCL-d379A  are  appropriately  aligned  with  the  basic  con¬ 
cepts  discussed  above  and,  in  effect,  these  Requirements  direct  the 
contractor  to  obtain  appropriate  propagation  data  lor  all  potentially 
useful  modes  associated  with  the  jungle*  over  major  sample  spaces  or 
intervals  Wliile  tlie  primary  concern  of  this  program  is  devoted  to 
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tropical  Jungle  terrain,  these  Tasks,  taken  all  together,  constitute 
a.  program  of  considerable  magnitude  that  may  be  expected  to  sig¬ 
nificantly  advance  the  ability  to  deal  with  the  more  general  problems 
associated  with  radio  propagation  over  a  non-smooth  imperfect  earth 
commonly  encountered  in  the  engineering  of  short-range  vehicular  and 
man-packed  communication  systems. 

For  convenience,  the  following  descriptions  of  these  Tasks, 
condensed  from  the  Technical  Requirement,  are  summarized. 

Task  I  -  F>rimary  Field  Tests.  This  Task  shall 
consist  of  field  tests  conducted  in  a  dense  jungle 
environment  in  Thailand.  These  tests  shall  be  de¬ 
signed  to  experimentally  measure  all  the  pertinent 
factors  which  influence  the  propagation  of  radio  waves 
in  dense  jungle  areas  during  both  wet  and  dry  seasons. 

The  tests  shall  be  primarily  concerned  with  distance 
ranges  up  to  thirty  miles  and  with  ranges  greater 
than  thirty  miles  where  necessary  for  the  measurement 
of  a  particular  mode  of  transmission  (for  example, 
the  ionospheric  mode)  .  Measurements  shall  be  m.ade 
over  various  types  of  terrain  and  over  a  frequercy 
range  which  covers  the  MF  through  VHF  bands  a”-! 
desirably  will  be  extended  into  the  LF  band.  In  these 
frequency  and  distance  ranges  the  path  loss  will  be 
measured  for  all  practical  modes  of  propagation,  in¬ 
cluding  a  measurement  of  short  term  variations 
diurnal  variations,  seasonal  variations,  and  a.t- 
mospheric  noise  levels  The  effects  of  polarization 
and  the  effects  of  changing  the  transmitter  and  receiver 
antenna  elevations  shall  be  determined  in  terms  of 
measured  path  loss  for  the  various  modes. 

Data  reduction  and  preliminary  analysis  of  the 
data  from  the  field  tests  shall  be  performed  in  Thai¬ 
land,  and  the  preliminary  results  of  this  work  shall 
be  submitted  to  the  COTR  in  that  area. 
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Taak  II  •  Statistical  Terrain  Studies.  This  task 


is  concerned  with  the  statistical  correlation  of  propa¬ 
gation  information  obtained  from  the  field  tests  with 
the  tropical  terrain  characteristics,  such  that  a  re¬ 
lationship  can  be  determined  between  the  physical  and 
the  electromagnetic  properties  of  the  Jungle.  This 
Task  shall  Include  a  detailed  study  of  the  character¬ 
istics  and  variations  of  tropical  terrain,  types  of 
vegetation,  and  weather  conditions  generally  en¬ 
countered  in  Jungle  environments.  A  systematic 
nomenclature  and  descriptive  terminology  shall  be  de¬ 
veloped  to  promote  easy  identification  of  jungle  types 
regardless  of  geographic  location.  The  results  shall 
be  analyzed  with  the  objective  of  developing  pro¬ 
cedures  for  siting  and  frequency  selection  in  all 
varieties  of  tropical  terrain. 

Task  III  -  Secondary  Field  Tests.  This  Task 
shall  consist  of  additional  field  tests  at  locations 
other  than  those  used  in  Task  I  for  the  purpose  of 
confirming  and  extending  the  results  of  Tasks  I  and  II. 

Tasks  IV  and  V  -  Instrumentation  and  Test  Facilities. 
These  Tasks  consist  of  the  design,  procurement  and 
assembly  of  instrumentation  and  portable  test  facilities. 
These  requirements  are  necessary  to  carry  out  Tasks  I 
and  III.  All  equipments  shall  be  complete , call brated , 
and  checked  out  prior  to  shipment  to  the  test  location. 

It  may,  therefore,  be  considered  that  the  major  techni¬ 
cal  objective  of  the  Primary  Field  Tests  is  to  obtain  the  data  re¬ 
quired  under  Task  I  above,  and  to  provide  a  preliminary  reduction 
and  analysis  of  these  data  for  the  use  of  the  ARPA  R&D  Field  Unit 
in  Thailand.  All  data  will  be  sent  to  the  Jansky  &  Bailey  labora¬ 
tory  for  the  more  detailed  and  extensive  analysis  involved  in  the 
performance  of  Task  II. 

It  is  obvious  from  the  descriptions  of  Tasks  I  and  II 
that  a  very  large  amount  of  reliably  measured  field  data,  covering 


a  relatively  large  Jungle  area,  will  have  to  be  acquired  in  a  short 
period  of  time  (approximately  ten  months)  in  order  to  obtain  a  suf¬ 
ficiently  large  statistical  sample  for  use  in  the  performance  of 
Task  II. 

The  fundamental  planned  approach  to  this  measurement 
program  in  Task  I  is  simple  and  direct.  First,  the  location  of  a 
Jungle  area  approximately  thirty  miles  square,  having  appropriate 
terrain  characteristics,  is  to  be  established.  Next,  transmitters 
covering  the  frequency  range  of  interest  will  be  set  up  at  a  base 
site  in  this  area.  These  transmitters  will  be  sufficiently  powerful 
to  place  a  measurable  signal  level  throughout  most  of  the  area  for 
the  various  frequencies  and  modes  of  propagation  to  be  measured. 

Then,  a  system  of  measuring  sites  will  be  established  along  at  least 
three  radial  sectors  extending  into  the  area  in  different  directions 
so  as  to  give  path  profiles  differing  in  roughness.  Measurements 
of  field  strength  and  atmospheric  noise  levels  are  then  carried  out 
at  these  measuring  sites  for  the  different  frequencies  and  propa¬ 
gation  conditions  involved.  Since  the  measuring  sites  must  be  im¬ 
mersed  in  the  Jungle  foliage,  they  must  be  situated  so  that  they  are 
accessible  by  the  existing  trails  and  cart  tracks  in  the  area.  The 
field  strength  measurements  at  the  measuring  sites  will  be  supple¬ 
mented  by  continuous  recordings  of  field  strength  taken  in  •^he  ve¬ 
hicles  as  they  move  from  one  measuring  site  to  the  next  The  over 
all  effect  of  this  entire  procedure  is  to  measure  the  spatial  dis 
tribution  of  the  test  signals  as  a  function  of  horizontal  distance 
from  the  transmitter,  and  as  a  function  of  heights  up  to  eighty  fee‘ 
above  the  ground,  for  the  various  frequencies  and  modes  of  propaga 
tion  to  be  investigated  during  this  program. 

The  sections  which  follow  in  this  document  describe  in 
some  detail  the  work  performed  during  the  reporting  period  July  1962 
to  January  1963.  This  work  included  a  review  of  existing  literature 
and  information  on  Jungle  propagation,  a  site  survey,  the  preparation 
of  a  field  test  plan,  a  series  of  studies  required  in  preparation  of 
the  data  analysis,  and  the  theoretical  analysis  of  an  antenna  suitable 
for  short  distance  ionospheric  circuits. 
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LITERATORB  REVIEW 


At  the  outset  of  the  Tropical  Propagation  Research  Program 
a  review  of  existing  literature  and  other  Information  on  Jungle  propa 
gallon  was  Initiated.  The  purpose  of  this  review  was  to  familiarize 
project  personnel  with  the  procedures,  results  and  conclusions  of 
previous  propagation  experiments  conducted  In  Jungle  environments 
before  pi'eparlng  the  test  plan  for  this  program.  Three  significant 
reports  prepared  by  Herbstreit  and  Chrichlow,  1943;  Whale,  1945; 
and  Busch,  1962,  were  reviewed  and  given  consideration  in  the  pre¬ 
paration  of  the  test  plan  for  this  program.  Summaries  of  these 
reports  are  Included  In  this  section. 

Other  reports  describing  the  effects  of  temperate  forests 
and  irregular  terrain  on  radio  waves  were  also  reviewed  in  order  to 
determine  whether  techniques  used  In  existing  mathematical  models 
for  predicting  foliage  attenuation  and  the  effects  of  irregular 
terrain  might  be  applicable  In  this  program.  Included  in  this  group 
of  reports  are  those  prepared  by  B.  Trevor,  1940;  Jansky  b  Bailey, 
1943;  K.  Bulllngton,  1947,  1950;  Saxton  and  Lane,  1955,  J.J.  Egli , 
1957,  H.T.  Head  and  O.L.  Presthold,  1960;  H.T.  Head,  1960;  Dr  H.R. 
Reed,  1962;  P.L.  Rice,  1962;  and  H.H.  LaGrone ,  1963.  Summaries  of 
several  of  these  reports  are  given  in  this  section.  A  modification 
of  the  propagation  model  presented  by  P.L.  Rice  is  given  in  a  later 
section . 


3. 1  Measurement  of  Factors  Affecting  Jungle  Radio  Communication 

In  1943,  Herbstreit  and  Chrichlow  reported  the  results  of 
field  strength  measurements  on  signals  propagated  through  Jungle 
vegetation  at  frequencies  of  2,  6,  44,  and  99  Me.  The  attenuation 
was  found  to  be  so  great  that  for  communication  greater  than  ap¬ 
proximately  one  mile,  the  ground  wave  which  Is  normally  employed 
for  these  ranges  was  practically  useless  for  the  equipment  used  in 
the  test.  It  was  concluded  that  communications  over  distances 
greater  than  one  mile  necessitate  either  (1)  treetop-to-treetop  or 
hill-to-hill  transmitter  and  receiver  sites  at  very  high  frequencies 
so  that  the  transmission  path  is  mainly  above  the  top  of  the  Jungle; 
or,  (2)  use  of  skywave  transmission  at  high  frequencies  wherein 
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the  transmission  is  up  to  the  ionosphere  and  back  to  the  ground. 

The  test  transmitters  were  Signal  Corps  SCR-694,  SCR-511, 
SCR-300,  and  an  AN/TRC-1.  Vertical  whip  antennas  near  the  ground 
were  used  on  all  frequencies  except  99  Me.  At  this  frequency  a  half¬ 
wave  dipole  mounted  on  an  18-foot  mast  was  used  with  both  vertical 
and  horizontal  polarization. 

In  order  to  compare  the  attenuation  over  a  dense  Jungle 
path  with  that  obtained  over  a  non-jungle  path  in  the  same  area, 
field  strength  measurements  were  made  over  flat  open  ground  with 
measurable  ground  conductivity  and  dielectric  constant.  These 
measurements  were  also  used  to  estimate  the  radiated  power  of  the 
transmitters . 

A  base  station  for  the  transmitting  equipment  was  set  up 
in  a  small  Jungle  clearing  about  150  feet  from  a  highway.  Measure¬ 
ments  of  field  strength  versus  distance  were  made  at  four  frequencies 
along  the  same  radial  Jungle  path.  These  measurements  were  obtained 
by  driving  down  the  highway  and  stopping  at  intervals  of  0.1  mile  to 
cut  a  path  into  the  Jungle.  At  each  point  the  measuring  equipment 
was  carried  at  least  100  feet  into  the  Jungle  In  addition  to  the 
point-to-point  measurements  made  parallel  to  the  highway  a  continuous 
recording  of  field  strength  versus  distance  was  made  at  44  Me  along 
a  trail  through  the  Jungle.  The  results  of  these  tests  at  three 
frequencies  are  compared  with  the  results  of  similar  tests  by  Whale 
in  a  later  section. 

Figure  3.1  shows  the  foliage  attenuation  versus  distance 
for  four  of  the  test  frequencies.  The  data  for  these  curves  was  ob¬ 
tained  by  comparing  measurements  over  the  non-jungle  path  with 
measurements  over  the  Jungle  path  at  corresponding  distances.  For 
each  curve  on  this  figure,  the  attenuation  increases  as  a  function 
of  distance  but  increases  at  a  decreasing  rate.  A  similar  trend 
was  noted  by  H.  Head,  1960,  while  conducting  experiments  in  a  wooded 
area  near  Salisbury,  Maryland. 

It  was  found  that  considerable  difference  in  both  Jungle 
attenuation  and  field  strength  variation  existed  between  horizontal 
and  vertical  polarization.  The  vertically  polarized  fields  were 
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attenuated  more  rapidly  and  showed  more  var^aticjns  in  field  strength 
than  did  the  horizontally  polarized  fields.  For  example,  at  one 
mile,  the  hori/outally  polarized  fields  were  attenuateil  a  j'>prox  i  ma  t  e  1  y 
15  db  less  than  the  vertically  ix)larized  fields  at  9H.H  Me. 

The  measured  field  strengths  at  AA  Me  and  i  1  e  were 

increasi'd  approximately  12  db  by  elevating  one  of  the  '<  ’'"iinals  in 
a  50-foot  tree,  the  average  heijtht  of  the  i  n  t  ei'ven  i  n;  g  .gle  growth 
being  apjirox  ima  tel  y  50  feet.  When  both  terminals  wt're  ■  'evatf'd. 
one  to  50  feet,  the  other  to  7t)  feet,  an  inc-rt'ase  of  a  ^I'o.x  i  ma  t  (' 1  y 
23  db  over  the  field  when  both  sc'ts  were  on  the  ground  was  obtained. 

3.2  Radio  Pi'opagation  Through  .New  Guini'a  R.a  i  n  ’’(o-ost 

In  1945,  a  repcjrt  titled  "Radio  IV  o  pa  g.i  t  i  o  r.  Thiougli  New 
Guinea  Rain  Forest"  was  iiublishi'd  as  part  of  ;i  t  lies  ;  ^  !)v  Iji  .  Wliale. 
This  reixo't  di’scribtes  a  seiies  of  tests  which  wito  (('p  u  tod  in 
order  to  olitain  some  n-lialile  figures  on  the  maKnifud‘’  •  ‘  attenua¬ 
tion  due  to  heavy  jungle  s<j  that  it  would  bt'  {x^ssibl"  'o'  ton-elate 
the  power  output  of  a  militaiy  communications  siV  to  expected 

range 

'I  h('  i  n  V  es  1 1  ga  t  1  cj  n  (0\(,-red  the  case  of  eijuipmet't  opei.iting 
in  the  jungli'  w  1 1  li  vertical  atitonnas  not  (‘xtending  ab(i\i.  tin-  toj) 
of  tlie  vegetation  In  order  to  confine  the  mea  s  u  i  (vi  e  n  ■  ^  sii!cl\’ 
to  the  el  feet  of  the  vegetation  on  radio  wave  [iin;  pa  g.a  t  :  '  ■  n  .  t  .he  (sx - 
lierirnents  were  (Onducted  in  flat  uniformly  dioise  jur-,,'-''  'didei 
these  conditions,  it  was  found  by  jirevious  experience  •  .i  ♦  t  .he 
main  fa{-toi-  affecting  atienu.ition  is  the  dcoisity  <;!  the  *  >l.agi- 
and  that  the  ground  constants  of  the  gi'ound  underlie, i"h  'no  foliagi' 
make  but  .i  secondaiy  contribution  In  order  t(j  (omi'.i’e  ‘he  «“lfects 
of  vegetation  of  diffei'ent  density,  measurements  were  "-a  h’  over 
iia  t  h.s  in  a  coconut  p  1  a  n  t  .i  t  i  <  jii  as  wc'll  as  in  the  he:'\’\’  -  'ngle. 

The  jungle  selected  .iveragcnl  about  b'l  fee*  ;;  •  ••  :  ;ht  and 

was  so  dense  that  in  most  p.irts  t  lie  sky  criu  1  i  not  lie  •  >■  1 1  v  ( ■  i*  liea  d  . 

The  denseness  ui  the  foliage  increase.!  slightly  with  -n’  In 

order  to  provide  acci.-ss  to  the  t  i  a  ns”i  i  t  ’  i  ng  site  in  t  ■  >  ingle  and 

to  the  various  points  chosefi  for  the  field  strong*  h  m'c  ■  oe-nents,  a 
narrow  trail  was  cut  through  the  nr, dergrowth  anu  larke  ’  p5  y.ud 
1 n  ter va  Is 


The  transmitter  was  set  up  in  a  chosen  location  and  cali¬ 
brated  in  tlie  direction  of  the  narrow  trail.  The  field  strength 
was  then  measured  at  various  marked  locations  along  the  trail. 

The  series  of  measurements  were  then  repeated  after  moving  the  trans¬ 
mitter  some  distance  along  the  trail  and  thus  covering  a  different 
stretch  of  jungle.  The  field  strength  curves  givioi  in  this  report 
are  deduced  as  ;\n  average  of  the  two  or  more  runs  madf*  .it  a  given 
f  requenc  y . 

A  second  series  of  tests  wc're  conducted  in  a  coconut 
plantation  In  this  leise  the  field  strength  rni'ter  was  set  up  in  a 
jeep  for  these  tests,  and  all  the  rmeis  u  remen  ts  were  made  along  a  I'oad 
skirting  the  plan t;iT  ion 

The  transmitter  was  set  up  along  a  side  road  close  to  the 
edge  of  the  plantation,  and  measurements  were  made  ali  n,-  *  he  road 
where  the  transmission  was  entirely  through  the  iilanta*  on.  The  re¬ 
ceiver  was  not  actually  amongst  the  trees  for  these  n  '  elements  but 
only  at  their  edge.  It  was  found  that  moving  from  .id  into  the 

t  reins  made  a  nc'gligibli*  difference  to  the  measured  i  '■trenngth 

Figures  ,'i  2  tlirough  d  .  1  --liow  the  ri'sults  of  e-  .New  Gu  i  ni-a 
measurements  .ind  the  results  of  He  i  bs  1  re*  i  t  '  s  H.inama  !•'(':■  I'Mijents  at 
three  coi' res  pond  i  ng  t"st  freciuem  ie>  Tlie  New  Guiium  iive.s,  whicli 
are  the  result  of  an  elaborate  -iriDOthing  process,  wei  e  •  ke;'  dii  ei  tly 
1 rom  Whale's  tliesis.  This  smoothing  process  was  espec  lally  necessary 
for  the  measurements  made  in  the  jungle  because  the  vei  v  c  lose  vege¬ 
tation  often  caused  false  readings  on  the'  field  stie"g*:'  tM-ter. 
Consequently  these  curves  give  the  probable  average  fi‘'lu  -strength 
at  a  given  location  Tlie  field  slrcoigths  .ii'e  given  in  uli  above  c;ne 

microvolt  jicr  meter  and  ha\’e  bi'eri  corrc'cted  to  :i  n  u  na  t  '  enua  t  ed  field 
-2 

(2E^^)  of  10  V  m  at  one  mile.  This  field  cc)  r  res  ihjihIs  ’o  ;i  radiated 
power  of  2  9  watts  from  a  short  ver’ical  whip  Tlie  Par  ima  da*a  were 
obtainc'd  from  He  r  bs  t  I'e  i  t  '  s  r  ejxj;  t  ,  'orruu-tcuj  to  the  s.irn,'  u  na  t  i  enua  t  ei! 
field,  and  reiilotted.  In  order  to  show  tin*  attenuating  effect  of  tie- 
vegetatior'  on  jiro  jia  ga  t  i  c;  n  ,  theoretical  open-country  c.i'ves  are  also 
shown.  These  curves  ar<'  based  on  ground  corns  t  ants  of  1.5  and 

a  “  0.05  rnho -m  sq  .  m  given  by  Whales  Difference's  bct’.’<e’;  the 
measuri'd  curves  may  be  attributed  to  differences  in  fo  .  (>  dcMisilc 
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.Id  Stren^^h  Versus  Distance 
;\e  Environments. 


I’Viparison  of  F’old  Strr  -^h  Ver'^i 


H:iJi  ateJ  Poier  =2.9 
I  r  an  i>r  1  1 1 1  n  g  .Antenna 
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Project  Yo-Yo  Field  Experiments 


In  September  ^962,  a  report  titled  "Project  Vo-Yo  Field 
Experiments"  was  prepared  under  the  sponship  of  ARPA  Ordc-r  ^299-62 
and  Contract  NOnr -2507  (00 )  for  the  Office  of  Naval  Resc.i.’'ch  by 
H.F.  Busch,  ACF  Electronics  Division,  The  primary  objec  live  of 
Project  Yo-Yo  was  to  measure  under  the  field  ccMidi  tic;ns  f)f  Southeast 
Asia  the  characteristics  of  skywave  signals  between  tw<-  sites  sepa¬ 
rated  by  a  distance  of  30  to  50  kilometers  of  dense  jungle  foliage 
and  mountainous  terrain  or  various  combinations  of  these  obstructioas 

Four  preliminary  tests  preceded  the  primary  tr'sts.  The 
first  two  tests,  a  spectrum  survey  and  a  direction  finding  test, 
were  made  in  order  to  determine  tfiat  any  proposed  loca'  ion  for  the 
transmitting  site  had  a  minimum  of  man-made  i  nterfer  e.’.r,'  In  the 
third  test,  samples  of  information  on  local  lonosphcri  behavior 
were  used  in  the  selection  of  the  optimum  operating  fr  '^uencies. 

Test  four  involved  the  use  of  pulse  transmissions  for  -uinding  the 
ionosphere . 

In  the  primal  y  tests  thiee  sep^irate  paths  wer  '-'  used  to 
prove  the  basic,  feasibility  of  os  t  ab  1  i  s  li  i  ng  tv,o-way  co'"'!  .  n  i  ua  t  i  on -i 
over  obstructed  ground  paths  of  about  30  to  5()  kilomc''  ' in  icMigtli 
In  all  cases,  the  transmitting  antennas  le.o  e  Vo-Yo  an’  '.’as  erected 
3  meters  above  the  ground.  Initially,  simple'  doublet  t.'nnas  wer  > 
used  at  the  receiving  terminals.  Later  tests  were  d''s  gned  to  pro 
vide  comparisons  between  simple  di{xile  receiving  ante'o.is  and  a 
16 -element  planar  array  at  several  f  r  c'q  ue  uc  i  es  . 

The  spectrum  occupancy  tests  indicated  the  fc“w  signals 
which  possessed  interference  |X)tf‘ntial  in  t!ie  2  Me  to  d  Mr  portion 
of  the  HP'  spectrum  wc're  witliin  thr  c.onfines  of  recogni/eJ  mediiin. 
wave  international  broadcast  bands  The  spectrum  between  A  Me  and 
6  Me  contained  a  larger  number'  of  signals  capable  of  S'Tious  inter¬ 
ference,  but  again,  tliese  signals  were  concentrated  wi‘hin  the  inter  • 
national  brejadcast  bands  Above  6  Me,  skywave  transmissions  from 
more  distant  sources  wei'e  in  esent  and  pi'oduced  inter  fc'rc  nre  of 
severe  proportions. 


Pulse  soundings  of  the*  ionosphere  f  rorr  n  i  d  -  Fehroa  r  v  through 
April  confirmed  the  expected  licdiavior  of  critical  frequencies  and 
layer  height  variations.  Tlu*  F  region  critii'al  IrcMjue.’ev  occasionally 
fell  below  3  Me  for  short  intio'vals  dui’ing  t.lie  O-lDi ' -of)''  pio‘-dawn 
period  in  the  early  part  ol  the  program.  1,'uring  tne  la'er  nentlis, 
however,  the  pre-dawn  minimum  critical  frtaiuencqs’  incrc,  ".ed  so  t  lia  t 
successful  continuous  t  ransi-i  i  ss  i  on  ol  signals  at  '.'..as  demon¬ 

strated  over  st'vcral  2^1-houi-  test  iieriods. 

The  communications  le.isihility  tests  wam-e  successful  and 

indicated  the  sKywave  t  ransan  ^  s  i  c)n  mode  can  supi>)i't  cc . cinuations 

over  various  combinations  i>t  mountaincius  terr.ain  and  ^  ■■•sely  loli.iged 
jungle  at  the  distances  testeu  In  all  c  .ises  ,  'I’o-Yo  '•■nn.is  'aci  i 
em  i)  1  o  yed  for  t  ra  n^m  i  1 1  i  ng  ,  a  nu  s  u  c  ;  ess  1  u  1  i  <•(  i  • )  < »  i  o  n  .  ‘  na  l  s  1  o : 

sev(‘i  a  i  freciuerclCs  between  2  Me  .tic:  1  ‘.I.  w.is  obtainc  :  i  •  ;i  sliorl 

and  I  I'sona  n  t  d  i  ixal  es  .i  n  J  a  1  d  - «  1  <■■■'<■  n  t  /  e  n  i  t  h  .n  i  i  ■  ‘.'.n  .i  i  i  .i  v 

at  the  receiving  terminal.  The  transmitter'  power'  r.i:  fp  •  ;  f  r'om  a  lew 
milliwatts  to  20  watts,  deiKMiding  on  the  ex  jie  r  i  men  '  a  I  'i  c  diniciues 
em  p  1  o  vt'd  . 

The  receiver  i  n  pu  i  >  1  t.  ;t  ges  i  .hv  i  ou  1  '.  de  i  e  c  >  i.  the  t  i  i 
quenc'v.  time,  of  tlay,  .tnd  .tnliun.i  I'tic  1  '.!■  lielu--  ii  i  ,i  l  n  i  (_  n  t 

wto'C'  as  muc.h  as  30  db  gr'Mtei  t’l.in  t  nose  receivei)  du:  •  'e  ua  v 
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In  addition  to  the  revif'w  cjf  litoralurc  on  propagation  in 
tropical  areas,  a  number  (j[  c'oncerned  w  i  t  ti  pro  i)a  ga  t  i  on  r)ver 

rough  terrain  or  propagation  in  ttunperate  forests  have  btu-n  lU'viewed. 
As  it  is  impractical  to  ir.clude  a  summai-y  of  tuu  h  repor’.  I'evu'wf^d 
and  listed  in  the  b  i  b  1  i  (jgr  a  iih  y  .  the  summaru's  ol  three  'cix^rts  art' 
included  here.  Kacti  of  these  I'eixirts  tjffers  a  type  of  i-,a  t  heiria  1 1  ea  1 
model  whicfi  may  be  Jtili/.ed  latei*  in  the  iirogi-am  . 


3.4  Radio  Propagation  Abttvt'  40  Me  Over  Irrt'gulai'  f'l ' !' r a  i  n 

In  the  refxirt  "Radio  Prt)  [la  ga  t  ion  Above  4f'  i!<-  vei'  Iiregulai 
Terrain,"  by  J.J.  L'gli,  t  fie  I'ffeet  of  irregulai'  tej'rai"  on  i-adio 
propagation  is  analy/eti  as  a  function  of  f  !'e(|uene  v  ,  ant'-eui  heigfit, 
p<' 1  a  1  1 /.a  1 1  o!i  .  and  distance.  Tlu'  jiretlittion  prot  ess  fo:"  slated  is 
used  to  estimate  the  percentage  of  locations  at  a  jiiesc’  ibod  ti  i  s - 
tance  one  wotild  ex[ioc.t  to  covei  '.t  i  t  h  a  satisfactorv  se--  oe  for  a 
given  radiated  jxiwt'r  . 

A  large  portion  of  the  ti.ita  on  which  tins  roeoi-t  is  fiased 
was  originally  collectt'd  fiv  the  Kt'dera  1  Com. nun  i  c  a  t  ions  <■  oimim  i  ss  i  o  [i  . 
Ttiese  measured  field  strength,  d.i  t  .i  wt'i  c  comj>ai'etl  t(>  tlio-e  one  wtjuld 
exfiect  over  a  iitaue  e..i  'h  (Ivjuatior.  .i  1)  ratlu'r  tiian  ovi  a  uivetl 
(■artfi  since  t  tie  ties  t  median  fiei.i  strengtti  tla  t  ,i  f’t  fo’-  ii^larte-,  uj) 
to  30  or  40  miles  stiow  Ltiat  Itie  inverse  distance  .sipuiroti  fit'iid  foi 
plaiK'  eartfi  is  better  ttian  ttu*  curved  t'artti  field,  a’  loast  for  low 
antenna  heights. 
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The  differenct'  lietween  t  tu  jireiictet!  plane  ea’  f  ti  f  i  e  1  ti 
and  the  measured  field  was  used  to  ’".aluatc  a  ’’ledia;’  H  t  lo  n  or 

terrain  factor.  Tlie  median  field  is  tlien  uelinetl  as 
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The  terrain  factor  is  sliowii  in  Figure 
t  ha  t 


.3  ,a  wlicrc  ii  mav 


:ar  or  Mofiile  Service. 


iTiirc  :3.5.  Tr-rraln  Factor  for  Fi\.'d-to 

''  '  '.’ar  iir  Mobile  St-rvif'e. 


(1)  The  deviation  from  the  plane  earth  field  strength 
varies  inve^rsely  with  frequency. 

(2)  The  deviation  from  the  iilan<'  earth  field  strength 
is  independc'nt  of  ilistanc'e. 

(3)  The  variation  w  i  t  li  frequeju'v  is  with  respect 
to  ‘10  Me. 

Based  uixm  these  conclusions,  the  median  field  al  the 
50  percentile  locations  is  given  tiy 


or 
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and  is  independent  of  frequency. 

fur  the!'  data  analysis  indicati'd  the  terrain  factrir  dis¬ 
tribution  v,as  log  normally  d  i  s  t  r  i  Ini  t  c'd  .  Consec]  ucmi  t  1  y  ,  this  dis¬ 
tribution  'A  1  I  1  appeal  linoai  on  protia  b  i  1  i  t  y  paper  and  miv  desca  ;bcu 
by  Its  metlian  v.ilue  and  stand. ird  dio'iation.  The  result  ol  t  h  i  .s  analv- 
sis  Is  sliov.!!  in  Ki^.ire  3.0  where  correction  iactors  whic''  must  be*  .i  p - 
plied  t(i  1.-.^^^  w.'ien  received  tielu  streng'lis  to  o  t  lu'r  t'uo’  *  h.e  50  pei  ■ 
(■entile  locations  ari'  givi'ii.  figure  .3.7  gives  the  inf  i"!ation  .slio’.vc, 
in  Figure  ,3.0  on  a  iXjwer  basis. 

For  all  |)ra(  tical  purixises,  the  data  analysi^'  'onfiinn'd 
tliat  t  lu‘  received  field  strength  i  r.i  rea  sc'tl  linearly  w  h  t’ans- 
mitting  .intenna  height.  However,  the  field  strengtti  v:  .tion  w  i  t  li 

receiving  antenna  height  wa.s  pi  oixir  t  i  ona  1  to  the  sipiar-  -"ot  of  tlie 
antenn.i  neight  ioi  lieights  less  th.in  30  feet  aiui  varie.  ineai  ly 
for  heights  greater  than  30  feet. 

The  wave  fX)  lar  i /.a  t  ion  ajifieared  to  have  lU'g’igible  effect 
(jn  the  transmissions  above  10  .Me  <;ver  the  irrc'gular  te’r.’iin.  Wtiile 
vertically  ixtlari^c-d  waves  gave  belter  results  at  locations  within 
the  shadow  ari-a  behind  hill.s,  her  i /.onta  1  1  y  ix)lari/,(‘d  w.ives  gave 
better  results  in  back  ol  but  aw.iy  from  tlie  shadow  area.  In  wooded 
areas  tlie  .ittenuation  was  less  for  horizontal  ly  [Xilari/ed  trans¬ 
mission. 
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bHHAIN  FACTOR  (Jb) 


Additional  sections  of  this  paper  discuss,  "Small  Sector 
Field  Strength  Variation,"  "Wide  Modulation  Bandwidth  Effects," 
"Indigenous  Noise,"  and  "Vehicular-to-Vehicular  Transmissions  " 

A  numerical  example  is  included  to  illustrate  the  practical  appli¬ 
cation  of  the  prediction  method 


3.5 


The  Influence  of  Trees  on  Television  Field  Strength 
at  tlltra-High  Frequencies 


The  results  of  an  experimental  program  designed  to  evaluate 
the  effect  of  trees  on  VHF  transmissions  are  discussed  in  a  report 
prepared  by  H.T  Head  for  the  June  1960  issue  of  the  F>roceedings  of 
the  Institute  of  Radio  Engineers.  Field  strength  measurements  of  a 
local  television  signal  were  made  over  flat  terrain  with  woodland 
cover  in  the  vicinity  of  Salisbury,  Maryland,  during  De:.ember  1958 
and  January  1959  For  each  observation  there  was  determined  the  de¬ 
pression  value  of  the  measured  field  below  the  smooth-earth  value 
(Ag^) ,  the  depression  of  the  field  below  the  free-space  value  (Apg), 
and  the  ratio  of  the  obstruction  of  the  trees  in  the  first  Fresnel 
zone  to  the  radius  of  the  zone  at  the  point  of  maximum  obstruction 
(H/H^)  Graphs  of  thest  values  wei e  plotted  and  compared  with  at¬ 
tenuation  curves  representing  various  modes  of  diffraction 


A  plot  of  Agp  versus  did  not  show  an  accentable  cor 

relation  with  the  theoretical  diffraction  curves.  More  er.cour  agi  •'g 

results  were  obtained  when  ^  versus  H/H  was  plotted.  The  measured 

r  o  o 

points  tended  to  fail  in  the  general  region  of  the  theoretical  curves 
for  diffraction  around  a  smooth  sphere  having  a  ref  lect  if'c  Tcefficient 
of  “1.0  and  a  value  cf  Bu  1 1 1  ng  ton ' parameter  of  M  of  when  the 

Fiesnel  zone  clearances  were  greater  than  -1  0  The  standard  devia¬ 
tion  of  the  observed  values  from  this  theoretical  curve  is  3  4  db 
By  assuming  an  edge  effect  of  10  feet  which  reduced  the  apparent 
average  height  of  the  trees  from  55  feet  to  45  feet,  recomputing 
H/H^  and  assuming  diffraction  around  a  sphere  having  a  radius  equal 
to  4/3  of  the  earth  radius,  the  standard  deviation  of  the  observed 
values  from  the  theoretical  curve  is  2  9  db  for  Fresnel  zone  cleaiances 
greater  than  -0.6 


K.  Bullington,  'Radio  Propagation  Fundamentals,'  Bel.  System 
Tech.  Journal;  .May  1957 
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The  analysis  of  certain  measurements  indicated  th.e  re¬ 
ceived  signal  had  "leaked”  through  the  treetops,  often  i;  an  ('rratic 
fashion.  Th(*se  rr  easurements  wcm'o  analyzed  for  any  evide.nt  trends. 

.'\n  examination  of  eight  obsei‘va  t  i  ons  of  leakage  f  i  (' 1  d  a'  distances 
ranging  from  1 2  .  (J  miles  to  22.5  miles  from  the  transmit''*!  indicated 
the  average  signal  level  below  the  calculated  smooth  earth  field  to 
be  more-or-less  i  ndt*  p(*nden  t  of  distance.  In  tti(*se  :nea  s  u  rcu*  n  t  s  , 
the  avi*rage  depression  of  the  field  below  tlu*  srnoot.'i  e:  :  *m  ‘leld  was 
approximately  30  db . 

On  tiie  basis  of  these  :)b  sei-va  t  ions  and  cone ’us  ions,  Hi'ad 
lias  proposed  a  mod'  1  to  .u'count  for-  the  loss  du('  to  t  reos  Figure 
3.8,  which  1  1  1  ms  t  r  .1 1  es  this  model,  s.iows  tlu*  {irofile  of  .i  trans¬ 
mission  path  over  smooth  terrain  HetwecMi  tlu*  transmitting  a'lterma 
and  the  lii'st  wood.s  at  IJ,_  ,  the  receivu'd  fields  are  tpose  predictf'd 
by  smooth-ear  th  theory.  Beyond  (in  the  wootls  )  ,  i  ec*  i  v  i*(.l 

signals  are  those  whicn  tinivel  through  the  woods  ano  th'*  attenuation 
increases  rapidly  'with  woods'  tluckru*.s  until  the  leaka  ■<*  field  level 
is  reached  at  In  .  rnd(*r  'his  (oncoiO  ,  the  .i  t  tenu.i  t  ;  o**  iiinot  t*.\ceed 
that  CO  r  1  (*^' 1> )  nd  1  n  g  to  the  leak.igc  le*.e!,  and  '  hus  ,  .i'.*,*  .  mi'ion.il 


t  h  1  r  kin 
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1  n 

a  p  - 

proximat(*ly  1  o  ga  r*  i  t  hin  1 1  lashion  until  the  clearing  ueiit'.  : suf¬ 
ficient  that  the  smoo  t  li -(*a  r  t  h  values  ai'e  onci*  again  a  pp'* ' -a  (  tied  Thi-, 

1  o  ga  r  1  t  tun  1  c  recovery,  wtiicti  is  not'*'l  in  Fig.ir'c  3  .  ft  ,  can  ■*  stiown  to 

folloiA  as  a  '-onsequence  <)t  difti'action 

It  IS  1  n  t  e  t  (.*s  t  1  ng  to  note  ttiat  data  pul)listH*d  bv  t((*r  bs  t  r  (*  i  t 

and  Chriclilow  do  not  contradict  ttie  model  j)ro[Xjsed  tiy  Hea'.l  Figuie 
3.1  shows  a  plot  of  ttie  jungle*  loliag**  .it  »e-  nation  as  .i  ;..nction  of 
distance  for*  ttie  f  r  » *q  ue  ik  i  es  of  b  ,  -M  .  aiui  9B  .Me,  vt*r-ti(al  polariza¬ 
tion.  For  i*ach  curve  on  t  ti  i  s  figuii*,  ttie  slope  di*(re,ises  as  ttie  dis¬ 
tances  increase,  indi  (citing,  if  ttie  saru*  trerul  exists  a’  great(*r  dis- 
tance.s,  ttiat  at  .some  gi(*atei  dist.inc'*  a  ma.\ii*irm  foliage  attenuation 
is  approactied.  rtn*  (Xirtion  of  ttie  <  urv(*s  stiown  woulii  coiiesfiond  to 
ttie  att(*nuation  between  and  iJ3  in  Figrr'i*  ,'f  H.  .Alttunrgh  *  ;ie  avail¬ 

able  data  do  not  contradict  ttie  mod**  1  ,  it  is  i  nsu  f  f  i  c  i  **  *.  *  'o  justifv 
a  nv  cone  1  us i ons  . 
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Average  Wo, vis  Atf,':n,ation. 
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3.6  '  C/.'i  1  n  Measurcfnt-‘nts  at.  VHF  and  UHF  {jchiiic'  a  Grove- 

(T7  TF fos 

More  rLTfMilly,  a  r{‘{V)rl,  "lIciKht  Gain  Measure:nf‘'i  Is  at  VHP" 
and  UHF  Behind  a  Grove  of  TiOMes ,  "  uas  published  in  the  I'  hh  Trans¬ 

actions  on  Bi'cjadc'as  t  1  np'  liy  A  H.  LaGrone,  P.E.  Martin,  ar  ' ' .  W  .  Chapnan 
This  paper  presents  tfie  result;  of  tiunisurcnien  ts  at  1  reps  :;(  le?;  of 
81.75,  2()ff.75,  633.25,  1280,  and  2950  Me  behind  a  prove  -  f  live  oak 

and  harkb(  rrv  tiu'es  in  full  leaf.  HMn/.ontnl  [Xi  la  r  i /.a  t u'  was  used 
and  vertical  lieipht-pain  runs  Iron  5  to  60  feet  at  var’.njs  di.stances 
from  the  trees. 

Sipnal  strenpth.  vei'sus  heipht  curves  for  the  five  fre- 

puen'''i{>s  at  elt.‘a  ranee  dista  net's  behiia!  the  trees  of  from  15  to  365 
fi.'et  aie  piesiuitel  Tie -o  i  e  t  i  i  .i '.  (Uivt's  were  eon  put  eu  foi  tirojiapa- 
t  ion  ov('r  a  .s'nooth  spheru.il  e.irtii  .ind  for  .i  plane  w.ive  tiffractinp 
over  a  knife  edp('  and  .iie  i;r  es  e  n  t  < 'tt  1  (u*  comparison  w  i  t  li  tiie  measuied 
curves  . 

Conineiu  i  .i  1  st.atiijns  i  (.  Shi'i  Antoni')  were  used  .ts  s  i  pna  1 

sources  at  82,  210,  aiiU  ()33  Me  i>.i  ’ 'o  r  a  t  or  v  t  r  a  ns:;i  i  I  '  ei  •  wei(‘  used 

,i  t  I  2 8  o  a  ikI  2  9  .jo  (  fne  i  t  ■  <  <  •  i  v  )  • ;  site  w  .i  s  1  <  x' .i  t  e d  n '  ■  .i  "  H.i  )e  i  n e  . 

s  ,  about  •10  ;  1  es  !  i  o."i  til"  t  :  •  .s  >i  i  t  t  er  s  .  !  he  m ea  e  •  ■  i  :i  p  pi-  o 

e  edu  r  e  w  ;i  s  !  ( i  i  ;i  i  s  <  ■  t  In  ■  ’  i  ■  1  f-.  (  o  ;  i  n ,  pile  to  its  "m  ,\  i  u"  "  ;  p  !l  t  of 

60  feet  .1  M  ( !  to  take  eo  n  t  i  ii  u<  ms  s  i  r,  na  1  s  t  r  e  ii  p  t  h  r  e  i  o  r  d  i  n  '  as  the 
pole  Alls  lowered  'File  lowest  1  <  ■  1  ,;  li  '  at  whleti  nie.isUM''"’  ■  •-  could  be 
made  eon  t  i  iukjus  1  y  was  23  fe'et  .  .-it  this  hc'iplit  t  .he  an'"  :,a  wa.s  re- 
'iio V ed  1  I  o:;,  t  n e  1 1  ■  1  i  eo  ; >  1  ! i , •  j  >• )  1  <•  :  p  1  .i e "U  •  > n  a  s ee  t  1 1 1 ;v  '  1  e  . 

I  lie  r  e  (  • '  1  V  e  I  t  1  u  1;  w  .i  s  f.o  e  3  a  bo  u  ’  ‘  1  h.-e  t  a  wa  in  .i  d  ’.  ■  •  e  '  i  o  n  a  1  o  n  p 

1  lie  path  radi.il  am:  -lea  s -i  i  e:-;e  n  t  s  weie  :aa3<'  ;  t  fi.xed  li'-i.  .  t  of  23, 

18.5,  1  •}  ,  ‘.t  .  ,3  _  .1  ll'l  5  feet 

.\  t  >•])!(  a  1  set  of  eiii\-e-,  iFi  pares  17  and  18  in  »  h,.  (U'lpip.al 
jiaper)  are  shown  in  Fipuie  ,5  lo  (  .irves  for  the  othei  !  s.i  fie- 

pi  e  ,'i(  1  e.s  .1  n  d  v  ;  i  (  m  s  u  i  ,  '  ,i  in  es  ,i  i  i  ■  pi  e.s  e  n  t  e  d  ami  disc  I  .s  s « •  ;  II!  the 
pallet-  .  Tne  pi  "a  ter  .o'ei.ipi-  .ilisui’i.ui  .i  »  2  1<)  s.i^pes's  ’  lia  t  the 

t'ffi'Ctlve  d  1  f  f  r.i '  t  1  lip  fleirlit  .tm:  'he  effec-tive  dlstanc-i  of  *  he  tiees 

m  1  p  fi  t  bc'  n  e.i  r  e  r  to  tin-  ;  bs  i  i  a  ■  u  '  i  .  t  •  lie  i  p!i  t  .i  n  d  true  i !  i  s  t  ,i ;.  (  ( >  to 

t  lie  tiees  Hl.ai.  til.i'  .it  82  'b  \  <  <  o  i  ■  i  i  ;i  p  1  \  k  II  1  f  e  edpe  he.pjiis  of 

2  a  and  ,  i t  f  i  •  i  ■  t  c  i  •  i  i  •  . i s  .  c  <  ■  l  ,  .i  i .  i  i  .  i «  k  : ,  i  f  ( ■  edpe  d  i  f  f  r  a  e  -  t  ■  n  s  i  p  n  a  1 
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computed  assuming  two  components.  These  are  shown  for  a  receiver 
distance  of  365  feet  in  Figure  3.10.  In  this  figure,  tlie  knife  edge 
diffraction  curve  of  25  feet  fits  the  measured  data  rather  well  and 
clearly  shows  the  lobe  structure  found  in  the  measurf'd  data.  This 
strongly  suggests  the  effect  of  trees  cannot  bi'  ni'glecteci  at  this 
frequency . 

The  comparison  of  the  field  measured  height  gain  curves 
with  theoretical  height  gain  curv(^s  suggests  that  the  field  at  VHF 
and  UHF  found  behind  a  grove  of  trees  has  characteristics  that  most 
resemble  those  of  a  plane  waive  being  diffracted  over  a  knife  edge 
type  of  obstruction.  .At  large  distances,  greater  than  -^bout  five 
times  the  tree  height  (30  f('et)  for  the  measurements  repe-ted  in  this 
paper,  the  diffracting  edge  appears  to  be  approximately  the  same 
height  as  the  trees  and  the  same  distaiue  away. 

At  shorter  distances,  significant  propagation  through  the 
foliage  takes  place  reducing  the  effective  height  of  t'.o  diffracting 
edge  to  something  less  than  the  physical  height  of  the  •  os  and 
increasing  the  effective  distamu  of  the  diffracting  ode  from  the 
rcceiv(>r  to  something  greater  tfian  that  of  the  near  edg  of  t  he 
grove . 
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SITE  SURVEY 


4 . 0 

During;  ihe  month':)  ot  November  and  December  1962,  a  site 
survey  team  .va^^  sent  to  Thailand  for  the  major  task  of  s^'lcctinf,' 
a  suitable  jungle  iirtui  in  which  to  carry  out  the  [irimary  '  i“id 
tests  Members  of  the  team  included  L.  G.  Stur[;ili,  K.  'T"  Mitchell, 

C.  B.  Sykes,  and  G.  V.  Gra\es,  Jansky  L  Bailey;  H.  L.  Ki'  s  and 
Major  J.  A.  Krant/,  ,  U  S.  Army  Kl<‘Ctronics  Hesearcti  an!  :  '  -.e  1  o  pmen  t 
Agency;  and  B  Berj^man,  ARPA  Research  and  De  v(' 1  opmen  t  FI'  '  ’.’nit. 

The  technical  objectives  of  the  primary  lield  tests  are  .ah  that 
the  area  S(‘lected  would  have.-  to  meet  the  IcjllcvA-inp  r  cm  ju  i  .-e-'K'n  t  s  : 

(1)  be'  a  iNir  o.x  i  ma  t  e  1  y  30  milc's  square*  ,ind  contain  de'nsc  junqlo  ^ti'owth 
that  IS  penetrable  by  means  of  an  c-xistinp^  system  of  r'-ad-  and  cart 
tra^.ks,  ',2'  oiler  aiij^roiu  i  .i  tc  vaiia’i'Mis  in  t  oiiopr  a  !)h  i  c  Ic’atures, 
and  13)  is  not  so  remote  tha’  lopis'u  support  and  supply  1  roni  Banj'kok 
is  e X (  e .') s  i  I •  1  y  d  i  1  1  i c  u  1 1  a !ul  t..* x  ; ) * ' i .  i  e 

From  a  study  ol  a  Thai  F’orc'stry  Service  mail  provided  by 
the  ARPA  R)bD  Field  Unit,  it  was  determiiic'd  that  the  junples  in 
Thailand  i’'c'  di.-posc'd  in  r-less  distinct  are. is  th.i,  ’end  to 

b('  cii'.*:  ib'itcal  ilor.^;  ttic.  .h.iins  <  1  lulls  and  mount. lins.  L;iti>r, 
another  "i.ap  leoi’ideU  by  the  J-2.  d'SMAG,  which  <  orrel  I'ed  closely 

with  tfio  orip'inal  lorc'-try  S(‘rvi<  e  mai)  but  delined  the  junitlc*  areas 
more  exa''t  'y  This,  lat’er  map  is  ^liown  in  Fipure  4.  1 

While  map  study  undoubtedly  providc'd  .i  considerable  amount 
of  informatKn  about  some  characteristics  of  the  loliap'e  in  a  itiven 
arc.i,  ’I'e  .i''ual  loli.ipc  density  and  n.iture  ol  the  undc'r  p: -'wth  could 
no’  be  euiluated  by  map  study  .ilonc*  Witli  the  cooperation  ef  JUSMAG 
c  f  1  or  t  >s.is  m.ide  to  Ust*  existing;  .lerial  i)hotO(;r  aiihs  ,  obtai'ieJ  for 
other  purji'ses,  to  aid  in  the  '-el‘'Ction  ol  an  a  idir  o  jir  i  .i  t  e  test  area. 
However,  i’  soc  ti  became  apparent  tli.it  the  assemblap^e  and  -  tudy  of 
these'*  id'.o  ’  o^;!  a  ph  s  lor  tlie  iiuriioses  ol  tins  ta.sk  would  be  i  nord  i  na  tc*  1  y 
time  consuming  and  expensive  w  i  t  !i  the  {lossibillty  of  leadini:  to  a 
sound  si*lecti<'n  ol  a  suitable  .u  c  .i  iiiphly  doubtful 

Since  mail  and  iihoto  .,tudy  could  not  jirovide  su.Micient 
information  about  the  foliapo*  densitv  .ind  trail  cond  i  1 1  (.nr  in  the 
various  ..uas  t  ci  allow  ;i  sound  (howc*  of  .area,  it  was  no  'ssary  to 
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make  an  initial  appraisal  by  means  of  aerial  observations.  It  is 
known  from  experience  that  the  question  of  whether  a  particular 
area  of  dense  fol’age  extends  over  a  range  of  some  30  mil(>s  cannot 
be  answered  from  ground  observations  alone.  Iherelore,  it  was  of 
paramoun'^  importance  tliat  aerial  observations  of  a  particular  area 
be  carried  out  before  attenjiting  a  ground  survey  of  that  area. 

Accordingly,  aerial  observations  of  nearly  al.  significant 
areac>  in  Thailand  wr^re  carried  out.  This  work  was  ac  c  on  p  1  i  "ihed  in 
four  days  of  flying.  The  approximate  flight  paths  are  sh.own  on  the 
mail  in  Figure  '1.1.  During  these  flights,  the  pilots  werf'  requested 
to  fly  over  the  areas  in  c)U('slion  at  an  altitude  of  1300  to  2000 
fee*'.  The  general  c  har  ac  t  er  i  s  1 1  (  s  and  approximate  extent  of  jungle 
growth  was  visually  deterniiif'd  Photographs  were  taken  for  records 
of  the  flight  as  well  as  for  later  detailed  study  lei’ding  to  a 
methodology  for  describing  jungle  growth  in  more  definitive  terms. 

The  flight  paths  A  and  B  at  first  may  appear  *o  be  pecul¬ 
iarly  related  to  the  .ireas  of  jungle  under  observation.  However, 
this  is  due  to  the  fart  tliat  tht*  aircraft  was  carrying  rvit  other 
assigned  missions  during  these  1  lights  in  addition  to  tv’  '-ubjert 
obser  vat i ons 

The  results  I:  )m  tin*  lout  flights  stuiwn  in  Figuit*  -1.1  may 
be  summari/.ed  as  iolKiws  The  only  signilicant  jungle  area  rc'vealed 

by  Flight  A  was  in  tlie  vicinity  ol  Pak  Chong,  south  of  friendship 
Highway.  Although  observations  during  tins  lligli*  were  limited  by 
several  factors,  this  arm  appealed  to  ofier  the  d(‘^i*'ed  foliage 
density  and  terrain  characteristics  for  the  tes^  .irea. 

The  areas  along  the  wes»  l(>g  of  Flight  B  wc're  rnoun  ta  l  ncius 
and,  generally  were  not  hcmvilv  forested  (espe" tally  on  the  slopes) 
The  unuergrowth  did  not  appear  to  be*  dense,  and  there  w.is  little 
evidence  of  trails  or  cart  tracks  into  tliese  areas.  Tv^  two  jungle 
areas  in  the  vninity  ol  Phil>amuloke  exhibited  dense  ‘  roi>  growth 
with  heavy  undergrowth  over  terr.iin  that  varied  1  rom  In  ly  to  moun¬ 
tainous.  Although  some  ’rails  and  roads  were  evident  : m  ’ hese  two 
areas,  large  portions  .lidnuirc'd  to  be  almos’  impenetrab  ■>  by  vehicular 
mean  s 
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The  purpose  of  Flight  C  was  to  examine  the  areah  on  the 
peninsula  along  the  Malayan  border.  Below  Hua  Hln  ,  the  foliage 
density  appeared  to  Increase  markedly,  with  tree  heights  averaging 
about  eighty  feet  The  undergrowth  appeared  to  be  somewhat  more 
dense  than  that  observed  in  the  middle  and  northern  areas  The 
terrain  was  generally  mountainous  and  few  access  trails  into  these 
areas  were  observed. 

The  last  loop  of  Flight  C  was  over  the  area  south  of 
Friendship  Highv/ay  and  also  encompassed  the  area  east  ol  Bangkok, 
adjacent  to  the  border  ol  Cambodia.  During  this  flight,  the  area 
south  of  Friendship  Highway  apiieared  to  ofler  the  most  desirable 
characteristics  for  a  possible  test  area  from  .imong  tho-e  areas 
examined  thus  far  by  aerial  observations.  The  aiea  eas*  c'f  Bangkok 
did  not  exhibit  tie  dense'  tree  growth  and  undergrowth  dcsl'ed  fc3r 
the  lield  tests  The  portion  of  this  .irea  nearer  to  Cambodian 

border  was  not  examined  since  the  conduct  of  tests  In  this  area 
would  likely  be  complicated  by  a  sc'nsitive  border  situation. 

During  Fligh^  I),  th.</  r  oa  north  of  Fric'ndship  I’lghway 

was  fur'hcr  exaa  i  n.'^-d  .  While  porti'ie-.  of  lhi.s  ;irc'a  exhibit*  ci  dense 
growh  cjver  rollir.g  tcr.-.iin  the  ov(o-all  extent  of  thi'-  .area  was 
not  u  f  f  ^  .  i  en  1 1  y  larg*’  f  o*  the  planned  ‘r-sts. 

Based  on  the  results  trem  the  ob<t‘rvatlon  fligir's,  'he 
best  choice  lor  a  tost  ure.i  appear'd  to  tje  south  ol  Friondshij) 
Highway,  in  and  around  the  Thai  N.itional  Forest.  An  ex  )andecl  scale 
'nap  ol  ’'his  area  is  shout,  i  r.  ligu'o  •}  d  During  the  la- I  u’c>ek  in 
.November  ,  this  area  was  examlr.c'd  liy  .i  ground  iiarty  trav*  1  1 1' g  by 
jeep  on.  the  existing  trails  The  .irea  was  penetr.ited  from  Friend¬ 
ship  Highway  to  Mount  Khao  Khleo  and  to  the  villages  o'  .Sap  Takhian 
and  Ban  Pong  Chanuan  Considering  that  these  trips  wer*^  m.ade  during 
the  dry  season,  the  trails  found  in  this  area  accommodn ’  t'd  slow  tra¬ 
vel  by  jeep,  with  onlv  an  occ.isional  delay  when  the  veh ■  les  became 
stuck  in  soft  spots  or  whenever  brush  and  trees  had  to  bi*  removed 
from  across  the  trail-  During  the  rainy  season  it  is  e.xiiected  that 
these  trails  will  deteriorate  considerably,  thereby  sorirusly 
affecMng  mobility.  To  cvc'icorr.e  this  difficulty,  it  is  .planned  to 
precondition  these  trails  .sufficiently  to  allow  the  us*-  nf 
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Pmurt-'  4  2  Junj.'le  Propa'.'ation  Test  Area 


conventionul  types  of  vehicles,  such  as  Jeeps  or  landrc'vers,  to 
transport  the  measuring  teams  during  the  rainy  season.  This 
approach  is  in  contrast  to  that  of  attempting  to  locate  .ind  procure 
special  purpose  vehicles,  such  as  tracked  vehicles  or  Gamma  Goats, 
which  would  negotiate  these  trails  with  a  better  degrc'  of  mobility 
under  wet  weather  conditions.  The  fact  that  these  \’ohlcles  are  not 
available  in  Thailand,  and  the  economics  of  obtaining  thiun  in  that 
country,  makes  the  l.itter  approach  impractical. 

In  summary,  the  reasons  lor  choosing  the  test  area  shown 
in  Figure  4.2  are  as  lollows; 

a.  Among  all  ttie  areas  e.xamined,  the  terrai:"'  features 
and  loliagc?  density  of  this  area  are  bes  *  uited 
to  the  r  e  qu  i  r  ('men  t  s  of  this  program. 

b.  A  usable  ti'ail  svstem  exists  in  the  are.i 

C.  Operation  in  this  area  can  be  sujiported  I'^gis- 
tically  from  Bangkok  with  much  less  expenst'  of 
time  and  money  than  ii  the  other  .ireas. 

In  the  course  oi  cotuiuclmg  the  ground  survf'V  in  the  area 
shown  in  Figure  4.2  it  became  evidc'nt  that  the  1  oca  t  lc:ns  of  tlie 
trails  existing  now  in  this  aiu'.i  do  not  agree  with  those  shown  on 
maps  currently  known  to  be  .ivailable.  This  is  perhaps  explained  by 
noting  that  the  last  conqilete  aerial  maiiiOng  survc'y  of  this  area  was 
evidently  done  in  Ib.b.h  Presumablv,  new  trails  have  come  into  exist¬ 
ence  and  old  trails  have  been  abandoned  since  the  las  survey  was 
made  . 

Since  It  is  ('ssenti.il  that  an  accurate  trail  maf)  be  used 
in  the  process  of  laying  out  the  system  of  radi.ils  recuirod  for 
these  field  tests,  the  ARPA  Hfcd)  Fit'ld  Unit  was  recjuest-  i  to  obtain 
aerial  photographs  of  this  are.i.  The  flight  mission  obtain  these 
photcigraphs  has  been  comiileted  After  tlie  trail  i  n  1  (.'•  m.i  ’  i  on  from 
these  photographs  has  been  transferred  to  a  tojiogi  a u'.  , c  map  of  the 
area,  ^lie  best  locations  for  the  transmitting  site  .o'  '  ‘  le  radials 
can  bo  determined 
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TEST  PLAN 


The  objectives  of  the  primary  field  tests  and  the  general 
approach  to  attain  these  objectives  are  given  in  Sections  1.0  and 
2.0  of  this  report.  This  section  describes  the  parameters  to  be 
measured,  the  measurement  equi;)ment,  the  measurement  techniques  and 
the  data  reduction  to  be  performed  in  Thailand. 

In  developing  the  test  p'lan,  first  considerations  were 
given  to  the  various  nodes  ot  propagation  which  (1)  will  e.\ist  in  a 
jungle  environment  .ind  (2)  will  be  leasiblc  for  tactical  communi¬ 
cation  systems.  Five  jirojcagat  ion  modes  wore  defined  iiccording  to 
such  parameters  as  frequency,  pa  tli  profile,  and  antenn.i  lieight. 
These  modes  are. 

.A  Surfav'C  Wave  Mode 

The  surface  wave  is  that  mode  which  is  propag.'ilod  along 
the  surface  of  the  earth  and  depends  upon  the  boundar>'  ■•'^ect  ol 
the  earth's  surface  for  its  e.\ist('nce.  Conventional  us  >  of  this 
mode  IS  limited  to  frequencies  below  approximately  20  V..-  and  to 
vertical  polarization.  The  path  loss  is  ;i  function  of  parameters 
such  as  irequemey,  antenna  hcMght,  dista.nce,  polar  iza  t  I'S'.  ,  earth 
conductivity,  earth  dielectric  rc)iistant,  and  in  a  jungli  en\'iron- 
ment,  toliage  attenuation. 

B .  Treetop  Mode 

This  mode  is  an.ilogous  to  the  surf.ace  wave  mode  except 
that  the  lower  boundary  will  ccnisist  ol  treetops  rathe:  than  the 
ear  til  '  s  surface. 

C.  L 1  n  c*  -o  f  -  S  i  gh  t  Mode 

The  1  i  n  e -o  f -s  1  gh  t  mode*  is  delined  as  that  mode-  which 
exists  when  the  intervening  terr.iin  iirofile  is  such  th.it  the 
transmitting  and  receiving  antennas  are  i n tor v i s ib 1 e .  Jungle 
foliage  may  obscure  visibillv.y,  but  this  is  not  a  factor  in  the 
definition.  Parameters  .illecting  the  received  signal  include 
frequency,  antenna  heiglits,  i)o  1  .i  r  1  za  t  ion  ,  distance,  pa  On  iirofile, 
and  foliage  attentuation 
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D.  Diffraction  Mode 


The  diffraction  mode  exists  when  the  transmitting  and 
receiving  antennas  are  not  intervisible .  Parameters  af:ecting  the 
received  signal  include  those  listed  for  the  1 i ne-of -s i gn t  mode. 


E .  Ionospheric  Mode 

The  short  range  communications  circuits  whirh  arc  sup¬ 
ported  by  the  E,  the  Eg  .  or  lh<'  si)oradic  E  layers  arc  included  in 
this  mode.  The  path  loss  lor  a  circuit  having  one  ionosplicric: 
reflection  is  given  by 


d) 


L,  +  A  +  K 
1  s  a 


where 


IS  the  free  space  loss 
f  s 

A  is  the  atmospheric  absorption 

K  is  the  conversion  factor  between  calculated 
and  measured  mc'dian  values. 

In  general,  there  is  lor  any  fixed  distance  of  trans¬ 
mission  an  upper  limit  of  !  rc'queiu  v  wiiicli  can  be  both  transmitted 
and  received.  The  existcuice  ol  this  upper  fretiuency  limit  depends 
on  the  fact  that  *  he  loni/.ati'ii  in  the  atmosidiere  will  reflect  only 
waves  of  frequencies  l('--s  than  a  certain  ('ritical  value,  called  the 
maximum  usable  frequency  (MUF).  II  the  operating  frc'^uency  is  above 
the  MUF,  the  wave  will  not  be  reflected.  As  the  op^r.iting  frequency 
IS  decreased  below  the  MUF  in  the  daytime,  the  atmosp'  I'ric  absorp¬ 
tion  increases.  At  night  the  condition  of  the  lonos;^'  'e  is  such 
that  the  absorption  is  negligible  ('ven  though  the  MU'-  i  ■  lower  than 
during  the  day. 

Over  the  short  path.s  (0  to  30  mi.)  under  study  in  this 
program  the  maximum  usable  I  requency  will  be  aiiprfix  Ima  te  1  y  equal  to 
the  MUF  at  vertical  incidence  or  /.ero  dista.ice.  The^e  MUf' ' s  vary 
with  season,  time  of  day  and  sansiiot  nuuiber  at  a  give:;  location. 
Typical  values  of  Fg  -layer  MlTF’s  in  megacycles  at  a  Ijcation  near 
Bangkok  are , 


Sunspot  Number  Fa-zoro-MUF  Q  Local  time  Fa  -zero-MUF  (Q  Local  time 
25-50  10  0-12  5  1400-1700  2. 5-4. 5  0500-0600 

Zero  distance  maximum  usible  frequencies  for  the  E  layer  range  from 
1.0  to  3.5  Me  with  the  maximum  value  occuring  near  1200  hours  local 
time. 

The  atmospheric  absorption  is  determined  as 
,  Cl  5  ,1  -ec  <if:os  0  881  x  )^  ^  (1  +  0037 


0  Is  the  angle  at  a  100  kilometer  height  between  a 
lier  jiendicular  to  the  earth  and  the  ray  pa  " 

X  is  the  zenith  anglf*  of  the  sun 

S  IS  ’he  12  month  running  average  sunspot  number 

f  i;  l.he  opera  ling  frequency  in  megacycles 

f  jj  is  th.c  gyro  ircqutnty  at  a  10'’  kilometer  height 

The  100  kilometer  height  is  used  here  f ecause  it  roughlv  corre¬ 
sponds  witli  the  theoretical  absorption  heights.  Typica'  absorption 
values  lor  a  g  y  r  o  -  f  r  etiuc  nc  y  '1  1  1  Me  ,  sunsixit  numlKU  '  '  34,  and 

z.enith  angl(  of  70'"  jor  sfiort  paths  K)  to  30  mi.)  as  a  tuiution  ol 

frequency  are  2H  0  db  2  ''  .Ml  /  10  4  dl)  (4.0  Me )  ,  5  4  dh  ((3  0  Me)  , 

and  3  4  db  'o  (>  M.  / 

An  additional  los-  factor  that  miglit  be  significant  over 
a  patn  in  a  jungle  envircnimen’  and  afiout  which  there  exists  little 
data  is  the  added  utlenuatioii  a  signal  would  experience  traveling 
rhrougfi  rhe  ovcrf-cad  .anopy  and  jungle  foliage.  It  may  be  assumed 
that  this  loss  will  vary  as  a  1  urv  ’  ic>n  ot  antc’nna  heig  f  .  t.he  loss 
decreasing  u,ith  increa'-ing  an’enn.i  freight.  Tins  mease  enent  program 
will  include  measuring  loncspl’crlc  path  loss  as  ;>  umtion  of 

receiving  ante. one  h'-igh. ' 

The  approximate’  frequciuy  range  for  each  of  t'a’  five  modes 
is  shown  in  Figure  5.1 

5  1 

interest 


Description  el  Measureme  n  t 

Ten  test  frequencies  v-ere  selected  wittiin  the  range  of 
fO  1  Me  'o  425  Me  )  and  are  ^hown  in  Figure  5.1  These 
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FigAjre  5.1.  Proposed  Test  Frequencies. 


selections  were  made  in  order  (1)  to  obtain  an  even  distribution 
across  the  range  of  interest,  (2)  to  assure  at  least  three  fre¬ 
quencies  per  propagation  mode,  and  (3)  to  verify  previous  experi¬ 
mental  works  performed  independently  by  Herbstreit  and  Whale  in 
jungle  environments. 

Transmitting  antenna  heights  for  horizontal  polarization 
and  vertical  polarization  at  25  Me  and  above  will  be  located  above 
ground  level  (1C  feet)  between  tiie  ground  and  treeto{i  .‘v'lgtit 
(45  feet)  and  above  the  treetop  level  (80  feet).  Ground  based  ver¬ 
tical  whips  will  be  used  for  vertical  polarization  between  2  Me  and 
25  Me.  Ground  based  top  loaded  antennas  will  be  used  1 rom  100  kc 
to  900  kc .  Table  5.1  shows  the  contemplated  antennas  for  each  test 
frequency.  A  block  diagram  of  the  transmitter  facilities  is  shown 
in  F igure  5.2. 

Field  strength  measurements  will  be  made  along  a  maximum 
of  three  radials.  A  maximum  of  12  receiving  sites  (field  points) 
will  be  established  on  each  radial.  Witliin  the  limits  of  practical 
accessibility,  these  points  will  bo  distributed  as  follows' 

(1)  Four  field  points  0  to  1  mile  from  the  sour<:e. 

(2)  Four  field  points  1  to  10  miles  from  the  source. 

(3)  Four  field  points  10  to  30  miles  from  tl'i>  source. 

At  each  field  point,  the  vertical  d  i  s  t  r  i  bu  t  i  o-.  of  field 
strength  will  be  measured.  Recordings  will  be  made  wh i ' e  the 
receiving  antenna  is  raised  from  the  ground  level  to  S'  eet  above 
ground.  This  will  jilacc  the  antenna  above  all  liut  a  c"-'  sparsely 
scattered  tall  trees.  Height  notations  made  on  the  roc  rd.ings  will 
relate  the  field  strength  data  with  antenna  height.  L\  mg  data 
analysis,  the  total  height  will  be  divided  into  small  (  >  to  10  feet) 
sectors  and  field  strength  value.s  will  be  determined  fo;  maximum, 
median,  and  the  level  exceeded  90  percent  of  the  height.  This  pro¬ 
cedure  will  be  repeated  at  each  field  point  for  the  various  frequen¬ 
cies  and  polarizations.  Because  ol  the  work  involved  ia  moving  and 
erecting  the  antenna  tower,  as  many  as  four  different  transmission 
conditions  will  be  measured  during  one  visit  to  a  field  point.  For 
example,  one  measurement  could  involve  radiation  at  MF  with  vertical 


o 


Table  5 . 1 


TRANSMITTING  ANTENNAS 


Vertical  Polarization 

Test 

Frequency  Antenna  Type 

(Me) _ 

0.1  80-foot  top  loaded 

vertical  whip, 
base  tuned 

0.3 

0.9 

2.0  50-foot  vortical  whip, 

base  tuned 


6.0 

12.0  21-foot  vertical  whip 

25.0  X/2  vertical  dipole, 

tower  supported,  and 
21-foot  vertical  whip 

50.0  X/2  vertical  dipole, 

tower  supported 

100.0 


Horizontal  Polarization 


Antenna  '^ype 


X/2  horizontal  wire 
dipole  (supported  between 
two  towers) 


X/2  horizontal  dipole 
(self-supporting  on 
one  tower) 


250.0 
400 . 0 
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polarization,  another  at  HF  with  horizontal  polarization,  and  two 
others  at  IJHF  with  vertical  and/or  horizontal  polarization.  The 
receiving  antenna  for  each  of  these  conditions  will  be  different, 
requiring  that  the  antenna  be  raised  and  lowered  for  each  test 
with  the  necessary  antenna  changes  made  between  tests.  After  the 
field  strength  has  been  recorded  at  a  field  point,  ambient  noise 
levels  will  be  recorded  at  specific  frequencies  near  tlie  test 
frequency . 

In  addition  to  the  vertical  distribution  of  field  strength 
at  selected  points,  investigations  will  be  made  of  the  spatial  dis¬ 
tribution  at  ground  level  along  the  radial.  Recordings  of  field 
strength  will  be  made  while  progressing  along  the  radial  from  one 
field  point  to  the  next.  Only  one  transmission  test  condition  can 
be  measured  at  a  time,  so  the  distance  must  be  traversed  several 
times  for  each  set  of  transmission  conditions.  During  the  recording, 
distance  information  must  be  carefully  noted  on  the  chart  to  allow 
data  analysis  for  small  distance  sectors  along  the  radial.  In  those 
cases,  the  field  strength  values  will  be  determined  for  maximum, 
median,  and  the  level  exceeded  for  90  percent  of  the  distance  for 
each  of  these  sectors.  These  data,  plotted  versus  distance,  will 
show  the  spatial  distribution  of  field  strength  along  the  measuring 
radia 1 . 

The  measurements  of  the  field  strength  via  the  ionospheric 
mode  will  be  made  in  order  to  determine  the  path  loss  v.^riation  as 
a  function  of  distance,  antenna  height  and  time  on  f req-unic ies  of 
approximately  2,  4,  8,  and  12  Me.  Measurements  will  be  made  simul- 
t.aneously  at  three  receiver  sites  located  1-5  miles,  15  ■’Jiles,  and 
30  miles  from  the  transmitter.  At  each  site  the  signal  will  be 
measured  for  10  minutes  at  a  constant  antenna  height  of  about  40  feet. 
The  antenna  will  then  be  raised  to  80  feet  and  the  signal  recorded 
for  two  minute  intervals  at  height  increments  of  10  feet  as  the 
antenna  is  lowered  to  about  10  feet.  At  this  point  the  transmission 
frequency  will  be  changed  and  the  measurement  process  repeated. 

After  the  field  strength  has  been  measured  at  each  of  the  four  trans¬ 
mission  frequencies,  the  process  will  be  repeated  until  24  hours  have 
elapsed.  The  measurement  sequence  will  be  repeated  once  each  month 
for  the  duration  of  the  program. 
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Two  atmospheric  conditions  will  be  recorded  each  day. 
First,  the  daily  amount  of  rainfall  will  be  recorded  once  each  day 
Second,  measurements  of  the  dry  bulb  temperature,  wet  bulb  tempera¬ 
ture  and  atmospheric  pressure,  the  parameters  required  to  calculate 
the  radio  r e f rac t i v i t y ,  will  be  made  three  times  a  day  'm  more  of^en 
if  th(.‘  diurnal  variation  lequires.  All  of  these  mc.isu!  ments  will 
be  made  at  the  transmitter  ^>ite  and  vill  be  assumed  to  x'  indicative 
of  conditions  aloti^;  the  t  ran  sm  i  ^.s  i  on  jiatn. 
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Description  of  Tc--t  Equipment 


Test  Transmitters 

The  [general  requirements  lor  the  primary  field  tests 
state  that  propaqoi'icp  reasurem-nts  are  to  be  made  over  a  frequency 
ran[^e  ol  100  ke  to  dOo  M.  out  *o  a  distance  of  dO  milts  Trans¬ 
mitters  have  tieen  selected  from  military  communications  equipment 
which  cover  this  frequeticy  ran^e  and  provide  output  power  of  >15  to 
500  watts.  The  tabl*.-  lie  low  ''hows  lht‘  sel('Ct(Hi  tran'-'ini*  'ers  plus 
some  ol  Ml'  ir  hafse'  'c:  is'  ics 

TKb  f  TTEHS 


Quail '  1 1 y _ Ty jie  _ 

1  OA-2:32/GH 

2  T-dG8  L'HT 

1  AN/FPC-15 

1  AN  (i!K  -  7j 

1  AN  (,HC-7S 

1  anguc-h: 


I-Moquency  Power- 


(Me  ) 

(  Na  ;  • 

(Ml  to  2 

,",0(  1 

1.5  to  20 

50(' 

25  to  50 

•15 

50  to  100 

,)ii-  ’  . 

100  to  225 

5'^-  : 

225  to  -100 

50  - 

Complete  equi{)nien's  iiavc  lieeii  requested  for  '  e'  1  irst 
three  types.  This  includes  t.he  transmitters  jilus  a  sr  ’  ■!  spare 

parts.  The  complete  equ  i  iimen  t  in  the  case  of  the  rern;  n--iq  three 
types  includes  power  generators,  and  antenna  systems.  '  .iddition 
to  the  transmitters  For  each  ol  these,  the  cquiiimerM  i '  t  s  were 
reviewed  and  only  the  units  c-S'-eii'ial  tc  operation  per  h,.  test 
requirements  were  r'cquested  Cc;mmcn  power  will  be  nrov.  lod  at  the 
tran.smittcr  site.  Special  antennas  desiftned  for  the  P’ ''uatta "  ion 
tests  w’lll  be  used  rather  tlian  Mk'  military  commun  ica  *  :  '  ••.ntenna-- 


It  is  not  anticipated  that  any  modifications  will  be 
required  within  the  various  transmitters.  The  only  changes  will  be 
in  the  operational  procedures  and  possibly  in  the  interconnections. 
In  the  event  that  internal  modifications  are  required  it  is  planned 
that  the  units  would  be  restored  to  their  normal  condition  at  the 
completion  of  the  program. 

Two  of  the  T-368/unT  transmitters  have  been  requested 
because  three  planned  test  frequencies  are  within  the  1.3  to  20  Me 
frequency  range.  To  expedite  the  measurements,  it  will  most  pro¬ 
bably  be  necessary  to  operate  simultaneously  on  sever:.-  frequencies. 
This  can  readily  be  accomplished  by  using  two  of  this  'y.oe  trans¬ 
mitter  plus  one  each,  of  the  other  types. 

Transmitting  Antenn;i  Systems 

Antennas  must  be  provided  at  the  main  site  for  test  trans¬ 
mission  and  for  communications  purposes.  Test  transmission  antennas 
will  consist  of  vertical  whips,  dipoles  and  long  wire  antennas.  The 
communications  antennas  will  be  a  yagi  array  and  ;i  vertical  whip 
Multiple  antennas  mu-'t  be  provided  for  test  transmission  jiurposes  to 
allow  simultaneous  operation  at  several  frequencies. 

TEST  ANTENNAS 


Frequency 

Antenna 

Polar izat  ion 

He i gh  t 

100 

kc 

80  f  t  . 

Whip 

Top 

Loaded 

Ver  t ica 1 

Ground 

300 

kc 

80  ft. 

Wli  i  p 

Top 

Loaded 

Vertical 

Ground 

900 

kc 

80  ft. 

Wh  i  p 

To{i 

Lo;ided 

V(?r  t  ica  1 

Ground 

2 

Me 

50  ft. 

Wh  i  p 

Ver  t  ic:i  1 

Groc.nd 

6 

Me 

50  ft. 

Wh  i  p 

Ver  t ical 

Ground 

12 

Me 

21  ft. 

Whip 

Ver  t ical 

Ground 

25 

Me 

21  ft. 

Whip 

Ver  t ical 

Ground 

2 

Me 

Horizontal 

Dipole 

Hor i zon  tn 1 

to  80  ft. 

max 

6 

Me 

Hor izonta  1 

Dipole 

Hor i zon  ta 1 

to  80  ft. 

max 

12 

Me 

Hor izonta  1 

Dipole 

Horizontal 

tc  80  ft. 

max 

25 

Me 

X/2  Dipole 

Ver  t  .  &  Hor  . 

to  80  ft. 

max 

50 

Me 

X/2  Dipole 

Ver  t  .  &  Hor . 

to  80  ft. 

ma.x 

100 

Me 

X/2  Dipole 

Vert.  Si  Hor . 

to  80  ft. 

max 

250 

Me 

X/2  Dipole 

Ver  t .  S.  Hor  . 

to  80  f  t  . 

max 

400 

Me 

X/2  Dipole 

Vert.  Si  Hor . 

to  -  '■  ft. 

max 
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The  50  and  80-foot  whip  antennas  will  be  Insulated  and 
guyed  towers.  They  will  be  assembled  using  lU-foot  tower  sections 
which  are  available  commei c i a  1 1  y .  By  using  this  short  section  type 
ccnis  true  t  ion  they  can  be  Iransjiorted  to  the  site  and  assembled  and 
erected  witliout  the  use  of  special  e^quipment.  The  guy  .vires  can  be 
used  lor  the  top  loading  and  isolated  from  the  tower  wh  ei  operating 
on  frf'Quenries  which  do  not  require  the  top  loading.  ''  is  iilanned 
that  the  commun  ica  t  ions  antenna  airay  alsf)  be  mounted  the  top  ol 

this  1 ower . 

The  2l-foot  whip  would  be  a  telescoping  tubular  whi]) 
mounted  on  an  insulating  ba'-.e.  This  would  be  guyed  a’'d  Its  total 
height  can  be  adjusted  by  changing  tht'  extension  ol  t  ■'e  t(' 1  escop  1  ng 

sections . 

The  lioi  i/.onial  wiiv  antenna  would  be  supported  by  two 
towers  which  can  bo  raised  to  a  maximum  of  80  feet  or  any  height 
lower  than  this.  Several  firms  !ni  i 1 d  such  a  tower.  par  Manufac¬ 

turing  Coriioration  has  one  winch  (‘xtends  from  111  to  Hi  It'et.  The 
hori/.ontal  wire  antenna  wulil  be  la->*enc'd  ’o  two  ol  t  ("-e  towers, 
anu  Its  ''.eigl'.t  above  ground  .ulju-'ed  bv  raising  thf'  'o,.--".  ,  The 
wire  length  will  be  adjusii.d  u-.itu;  a  Piir  o  pr  i  a  t  e  1  y  sinict  .  in.sulalors 
which  can  be  shorti's'. 

Oipolc'  te.st  antennas  can  be  mounted  on  the  t('P  of  the 
two  adjustable  towels.  Iksonant  length  adjustnumts  and  rOianges 
iron,  horizontal  to  vertical  po  1  a  i  i/..itions  can  be  made  by  lowering 
the  towers. 

To  summarize,  a  tot.il  o!  thrc>e  towers  and  ono  wlnii  will 
be  used  for  the  test  antenn.i  system.  i-'ive  test  condi’:'  ns  arc 
available  with  tins  .arrangement  Vertically  jiolari/e''  ’  i  .<  n  sm  i  ss  i  en 
may  be  made  at  on<?  freciuency  from  lOO  Re  to  ti  Me  .ind  one  Iri'qiKuuy 
from  b  to  12  Me.  Horizontally  pol.nt  ized  ’ra  nsm  i  ss  i  (jn  s  v  be  made 
at  one  frequency  Iron  2  t(j  12  Me  .  Vc'rtu.il  or  leer  i  zoi'.  ’  1  iiolari/.i- 

tion  may  be  selected  lor  two  frequcuic  i(,-s  1  rom  2.'i  to  •  Me. 

Antenna  m.atch.ing  units  .ire  to  lie  located  at  ‘''o  base  ol 
the  antenna.  Coa.xial  t  r  an  sn.  i  ss  i  on  lines  are  to  be  use  ‘o  connect 
the  transmitter  to  these  matching  units.  In  most  case  antenna 
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matching  networks  furnished  as  part  of  the  transmitter  are  adequate 
for  the  intended  use.  In  some  cases,  particularly  at  the  low  fre¬ 
quencies  where  the  whip  antennas  are  short,  modif  icati'ens  will  have 
to  be  made  to  match  the  high  reactance  antennas. 

Field  Measuring  Equipment 

Equipment  for  the  field  intensity  measeremen's  will  con¬ 
sist  of  a  field  intensity  meter,  receiving  antennas,  ar.  tenna  sup¬ 
porting  tower,  recorder  and  power  unit.  Other  support,  equipment 
will  consist  of  vehicles  to  transiK:irt  equipment  and  personnel, 
communications  equipment  lor  contac't  with  the  transmitter  site, 
plus  miscellaneous  tools  and  equipment  required  for  mo\’ement  and 
work  .vithin  the  jungle  environment.  To  e.xpcdite  the  measurement 
program  within  a  ten-month  period  it  is  planned  to  use  three  mea¬ 
suring  teams  making  it  necessary  to  have  three  complete  sets  of 
field  measuring  equipment. 

Field  Intensity  Meters 

The  field  intensity  ru'ter  selected  for  use  on  this  pro¬ 
gram  is  the-  .NF-105,  manu  f  .ic  t  ur  ed  by  Empire  Devices,  Iri  This  meter 
measures  over  tlie  frequency  range  ol  1-1  kc  to  -IDO  Me  w.  ''.  one  single 
instrument  plus  four  plug-in  tuning  units.  The  NF-lO.h  consists 
basically  of  a  receiver,  calibiating  c  ircuits,  indicators  and  antennas. 
Ma.ximum  full  scale  sensitivity  ol  1  uv  from  l-I  kc  to  dh  V.c  ,  and  10  u  e 
from  20  .Me  to  *100  Me.  Int(*rr..al  calibration  is  jiiovidc  by  .in  impulse 
generator  and  a  sine  wavu'  caliliralor.  Its  power  suii]i'  requires 
115  V  ‘10  to  qOO  cps  input,  and  protiuces  regulated  pla  .<  and  filament 
voltage.  Construction  is  for  field  use.  in  accord. uico  with  rigid 
military  standards.  A  rubber  gasketed  cover  is  provi  J(>d  which  ren¬ 
ders  the  instrument  waterproof  and  protects  the  contro'--  .and 
indicators . 

Calibrated  antennas  furnished  with  the  NF-l'C")  consist  ol 
loops,  rods  and  dipoles.  A  3G-inch  diameter  loop  is  used  for  mea¬ 
surements  from  1 ‘1  kc  to  150  kc  .  From  150  kc  to  25  .Me,  .a  dl-inch 
rod  with  a  matching  transformer  is  used.  Tuned  dipoles  with  balun- 
matching  translormers  .ire  used  In  the  frequency  range  of  20  Me  to 


5-12 


400  Me.  Since  transformers  are  used  at  the  antennas,  the  length 
of  the  interconnecting  coaxial  transmission  is  not  critical.  Thirty- 
foot  cables  are  supplied  as  standard.  Longer  lengths  may  be  used 
provided  a  cable  loss  cor  i  t,*c  1 1  on  f.ictoi'  is  applied  to  the  results. 

The  test  plan  procedures  require*  measurements  at  heights  uji  to  80  feet 
The  loss  of  the  necessary  length  of  transmission  line  m_;st  be  nieasured 
versus  frequency  and  applied  to  tfie  measured  data. 

A  second  type  field  intensity  meter  is  being  :.':'ovided  which 
covers  the  frequency  i.inge  of  to  1(300  kc  .  This  ;  HCA  tyi^e 

WX2E  meter.  It  is  battery  oper.ited  and  has  a  loop  ante.na  which  is 
a  part  of  the  instrument  cover.  It  is  very  well  adajve  to  portable 
use  since  it  can  be  (^asilv  hand  carried.  Tliis  instruru  t  was  selected 
for  Its  portability  and  will  bv  usc*d  in  the  event  it  bee '’•mes  desirable 
to  measure  in  areas  wl.i'rc*  it  is  impossible  to  penetrate  with  a  vehit  le. 

Antenna  Mounting 

To  investigate  the  horizontal  distribution  pattern  of  field 
strength  it  will  be  necessaiy  to  record  mea  su  r  enu'ii  t  s  ■.o'  e  the  traii'^- 
porting  vehicle*  is  moving  along  thi*  radial.  For  tli(>s(*  measurements, 
the  aiiprojir  late  receiving  antenna  will  be  mounted  on  tin  vehicle  a' 
a  con  veil  ic“n  t  hc'ight  .ibi've  ground  of  8  to  1  .'i  fei't.  T.hi*  VF-lb.b  and 
recorder  jilus  power  sujiply  will  be  mounted  and  opc*rated  ’’islde  the 
vehicle.  An  antenna  factor  for  tlie  antenna  mounted  or.  the  vehicle 
must  be  determinc’d.  This  will  be*  done  by  comjtarlr. g  tl'i*  output  of 
the  mountc'd  antenna  w'ltti  that  of  a  standard  antenna  ".'•■n  immersed 
in  idc'iitical  lield-S.  This  c.i  1  i  bra  t  i  on  varies  with  freriaency  .ind  will 
have  to  bc'  repeated  .it  all  the  test  frequencies. 

The  other  ^ype  of  t  1  c*  1  i  intensity  mea  su  r  emeri  t  s  .are  those 
which  record  vertical  dislribution  of  field  intensify  .  ’  sc'lected 
intervals  along  the  radi.il,  To  do  this  it  will  bc*  rv'c-cssary  to  ercc  t 
.1  supjviriing  tower  for  the  receiving  .intenna  and  recor  i  f  ield  inten¬ 
sity  as  the  receiving  antenna  is  elevated  from  ground  o‘Vi*l  to  a 
height  above  the*  treetops.  Bec.iuse*  of  the  environment  ind  the*  oper,"*- 
tional  procedure,  this  tower  must  be  lightweight,  m-'.-  •  when  col¬ 
lapsed,  easily  erected  by  sever.i  1  men  in  .i  reasonably  -  rt  time, 

and  be  extendable  up  tC)  .i  m.ixirnum  of  approximately  HO  ‘  •  .  it  mus’ 
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be  constructed  so  as  not  to  be  adversely  affected  by  the  environ¬ 
ment  ,  must  require  a  minimum  number  of  guys  and  should  be  nonsus- 
ceptible  to  damage  due  to  normal  handling.  Several  types  of  these 
towers  are  available  commercially,  all  of  which  will  be  investigated 
for  possible  use.  The  possibility  of  designing  a  tower  is  also 
being  considered. 

Recorders 

A  portable  null  balance  type  recorder  manufactured  by  Emcee 
Electronics,  Inc.  has  been  selected  to  record  the  field  intensity 
measurements.  This  unit  operates  on  115  v  60  cps  power  and  uses  a 
pressure  sensitive  paper.  It  employs  a  servo  system  and  null  balance 
which  is  more  rugged  than  a  type  utilizing  a  meter  movement.  The 
pressure  sensitive  paper  avoids  the  field  problems  inherent  with  an 
ink  recorder.  A  special  input  amplifier  is  being  provided  by  Emcee 
for  use  with  the  normal  NF-105  output  (100  p,a  into  1800  ohms) .  There 
are  also  provisions  being  made  for  moisture  and  fungus  proofing  the 
recorders.  Four  of  these  recorders,  plus  spare  parts,  are  to  be 
supplied.  This  number  will  provide  backup  equipment  for  failures 
as  well  as  fcr  recording  purposes  other  than  for  field  measurements. 

Power  Units 

Portable  gasoline  engine  driven  power  units  are  to  be 
used  to  power  the  field  measuring  equipment.  Hearth  Industries, 

Inc.  build  a  line  of  lightweight  portable  power  units.  The  type 
selected  is  their  Mark  lA  with  an  output  of  1500  watts  at  110  volts 
and  weighing  only  73  pounds.  The  generator  employs  axial  air  gap 
construction  with  permanent  magnets  which  eliminate  brushes  and  slip 
rings  and  reduces  v/eight.  Four  of  these  units  are  to  be  ordered 
which  will  provide  backup  units  and  satisfy  requirements  for  any 
other  portable  power  uses. 

Vehicles 

All  measuring  equipments  and  personnel  must  be  transported 
along  jungle  trails  to  the  measuring  points  at  a  reasonable  rate  of 
speed.  For  this  purpose,  it  is  planned  that  an  International 


5-14 


Harvester  Scout  or  a  Landrover  (or  equivalent  vehicle)  will  be  pro¬ 
vided  for  each  measuring  team.  The  field  intensity  meter  and  recorder 
would  be  Installed  in  the  vehicle  which  is  large  enough  to  accommodate 
the  equipment  and  operators. 

Test  Site  Support  Equipment 

Power  Generators 

At  the  main  test  site,  electric  power  for  the  test  equip¬ 
ment  and  personnel's  quarters  will  be  produced  by  diesel-powered 
generators.  Two  each  of  15  kw  and  30  kw  capacity  are  planned.  The 
15  kw  units  would  provide  115  v  AC  power  and  the  30  kw  units  would 
be  used  to  produce  230  v  AC  power .  These  voltages  and  power  have 
been  selected  after  evaluating  the  total  power  requirements.  This 
combination  provides  maximum  flexibility  for  load  charges  from  maximum 
to  minimum,  and  backup  is  accomplished  by  duplicating  the  units.  The 
complete  installation  will  include  the  generators  with  mounting  pads 
and  shelters,  fuel  storage  tanks,  and  power  switch  pr.rels  plus  the 
necessary  distribution  wiring. 

Tes"*:  Equipment  Shelters 

It  IS  presently  planned  that  four  S-141()/G  ‘^belters  will 
bo  used  to  house  the  test  transmitters  and  to  provide  i.c intenance 
and  conditioned  storage  facilities.  The  equipment  mounting,  bench 
and  shelf  space,  power  and  lighting  circuits,  plus  air  conditioning 
equipment,  will  be  installed  at  our  laboratories  in  Alexandria, 
Virginia.  These,  plus  all  other  equipments,  world  then  be  trans¬ 
ported  to  Thailand  where  a  minimum  of  work  would  be  rccuired  to 
make  the  equipment  operational.  The  shelter  layouts  have  been 
planned  for  maximum  operational  efficiency  and  to  provide  suitable 
facilities  for  record  keeping  and  maintenance  work.  Air  conditioning 
has  been  incorporated  in  the  design  to  protect  the  equipment  in  the 
hot  humid  jungle  environment.  After  checking  humidity  conditions 
and  heat  loads,  rt  was  decided  that  two  window-type  c.ir  conditioning 
units  rated  at  approximately  14,000  BTU  would  be  adequate  for  each 
shelter.  Each  of  these  can  be  operated  at  two  speeds  which  will 
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allow  considerable  variation  in  capacity  to  compensate  for  changes 
of  heat  loads  within  the  shelters  and  also  for  external  temperature 
changes.  Two  smaller  units  are  being  used  rather  than  a  single  large 
unit  because  installation  will  be  easier,  cooling  control  will  be 
more  versatile,  and  outage  of  a  unit  will  still  allow  some  air  con¬ 
ditioning  in  the  shelter. 

In  the  event  that  the  delivery  schedule  of  the  communica¬ 
tion  shelters  holds  up  the  project  schedule,  it  may  prove  necessary 
to  change  the  plan  and  use  another  type  of  installation.  It  would 
then  become  necessary  to  build  a  building,  or  buildings,  at  the 
test  site.  All  of  the  facilities  included  in  the  shelters  would 
have  to  be  incorporated  in  the  building.  The  main  difference  would 
be  in  the  air  conditioning.  For  a  building,  it  probably  would  be 
more  economical  to  Install  a  single  large  unit. 

The  building  would  be  less  desirable  than  the  shelters 
for  several  reasons.  All  of  the  installation,  wiring,  air  condi¬ 
tioning,  and  construction  work  would  have  to  be  done  in  Thailand 
at  the  test  site.  This  would  require  the  employment  of  various 
types  of  skilled  labor,  which  could  be  a  problem.  At  the  end  of 
the  program,  the  equipment  shelters  could  be  moved  easily  to  another 
location,  whereas  the  building  plan  would  not  adapt  itself  to  this 
mode  of  operation.  In  summary,  it  is  felt  that  the  shelters  have 
numerous  advantages.  Every  effort  will  be  made  to  procure  these 
structures  without  delaying  the  program. 

RF  Measuring  Equipment 

During  the  program,  precision  measurements  of  various 
transmission  parameters  must  be  made.  These  will  include  such  para¬ 
meters  as  antenna  impedance,  antenna  input  power,  and  frequency. 
Impedance  measurements  will  be  made  using  a  General  Radio  Type  1606-A 
RF  Bridge  and  Type  1602-B  UHF  Admittance  Meter.  The  NF-105  Field 
Intensity  Meter  will  be  used  as  a  detector.  The  General  Radio  Type 
GR  1330-A  Bridge  Oscillator  or  a  Hewlett-Packard  606A  or  608C  Signal 
Generator  would  be  used  as  the  driver.  Power  measurements  would 
utilize  RF  ammeters  to  measure  line  current  together  with  the  Sierra 
Model  164  Bidirectional  Power  Monitor.  Frequency  measurements  will 
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be  made  using  an  AN/URM-32  Frequency  Meter.  These  measurements  will 
affect  the  accuracy  of  the  program  results,  and  the  equipment  was 
selected  to  assure  the  highest  degree  of  precision  and  to  be  adapt¬ 
able  to  use  in  the  field.  Other  RF  measuring  equipment  will  be  used 
primarily  for  maintenance  pruposes  and  will  be  described  in  that 
section . 


Calibration  Equipment 

To  assure  the  degree  of  accuracy  essential  to  the  program, 
calibration  checks  must  be  made  on  the  equipment  at  periodic  inter¬ 
vals.  Impedance  measuring  equipment  will  be  checked  by  comparison 
with  accurate  standard  RF  components  such  as  line  terminating  resis¬ 
tors.  Field  intensity  meters  will  be  calibrated  against  the  output 
of  Hewlett-Packard  606A  or  608C  Signal  Generator  and  with  standard 
coaxial  attenuators.  The  signal  generator  accuracy  will  be  checked 
using  a  Hewlett-Packard  431-B  Power  Meter.  Using  the  above  proce¬ 
dure  plus  other  cross  checking  which  is  possible,  the  accuracy  of 
the  measuring  equipment  will  be  maintained  throughout  the  entire 
program . 


Maintenance  Equipment 

Equipment  must  also  be  supplied  to  trouble  shoot  and  main¬ 
tain  the  test  transmitter  plus  the  measuring  and  calibration  equip¬ 
ment.  Two  oscilloscopes  are  to  be  provided,  one  a  Tektronix  515A 
and  the  other  a  Hickok  675A.  A  500-watt  dummy  load,  Sierra  Model 
160-500  plus  a  Sierra  Model  164  Bidirectional  coupler  will  be  used 
when  checking  transmitter  operation  and  tuning.  Measurements  Corpo¬ 
ration  Model  59  Combination  Megacycle  Meter  will  be  supplied  to  be 
used  for  general  trouble  shooting  and  RF  circuit  checking.  Two 
Hewlett-Packard  410B  Vaccum  Tube  Voltmeters  are  included  as  part 
of  the  maintenance  equipment.  An  AN/USM-118  tube  tester  or  equi¬ 
valent  will  be  supplied.  In  addition  to  these  major  items  miscel¬ 
laneous  multimeters,  RF  fittings  and  probes  and  maintenance  tools 
will  be  required  to  keep  the  equipment  operational. 
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Meteorological  Kit 

Certain  weather  data  must  be  measured  and  recorded  through¬ 
out  the  measurement  program.  This  would  include,  as  a  minimum, 
temperature,  relative  humidity,  barometric  pressure  and  rainfall. 

A  meteorological  kit  has  been  requested  as  a  GFE  item. 


Communications  Equipment 

For  project  coordination  as  well  as  for  safety  reasons 
it  is  imperative  that  radio  communication  links  be  established 
between  the  headquarter's  office  in  Bangkok  and  the  main  field  test 
site  and  between  the  test  site  and  the  measuring  teams.  The  distance 
from  Bangkok  to  the  test  site  is  in  the  order  of  150  miles.  The 
most  suitable  link  would  be  one  which  utilizes  the  HF  skywave  mode 
of  propagation.  Usable  frequencies  must  be  calculated  for  the  path 
over  the  measurement  period  and  these  must  then  be  coordinated  with 
the  cognizant  authorities  in  Thailand. 

Comm.unications  within  the  jungle  environment  between  the 
test  site  and  the  measuring  teams  present  a  much  more  difficult 
problem.  There  is  a  very  distinct  possibility  that  communications 
may  not  be  possible  at  all  times  and  locations.  It  is  planned  that 
one  vehicle  per  measuring  team  be  equipped  with  a  portable  type 
transceiver  operating  in  the  range  of  150  Me;  a  base  station  trans¬ 
ceiver  would  be  installed  at  the  main  test  site.  These  would  be 
used  to  the  extent  possible  to  coordinate  the  field  test  program. 

After  some  operational  experience  is  gained  the  areas  where  two-way 
communications  are  possible  will  become  known  and  utilized  when  com¬ 
munications  are  required.  Field  experience  may  also  result  in  the 
necessity  for  changes  in  equipment  or  operational  procedures. 

Spare  Parts 

To  assure  reliable  and  continuous  operation  adequate  spare 
parts  must  be  included-  This  problem  has  been  approached  by  pro¬ 
viding  spare  equipments  for  critical  items  as  well  as  spare  components. 
The  military  type  transmitters  have  been  ordered  with  their  normal 
complement  of  spare  parts.  Malfunctions  in  these  units  can  be 


5-18 


diagnosed  and  repaired  using  components  from  the  spare  parts  kits. 
Commercial  facilities  which  are  important  to  the  operation  of  the 
program  such  as  field  intensity  meters >  recorders,  power  units  and 
signal  generators  have  been  ordered  to  include  spare  units.  This 
will  allow  measurements  to  continue  while  a  disabled  equipment  is 
being  repaired.  Parts  lists  have  been  reviewed  ior  all  the  commer¬ 
cial  units, and  a  coordinated  list  prepared  for  such  components  as 
tubes,  electrolytic  capacitors  and  other  items  which  experience 
indicates  may  fail.  These  parts  will  be  provided  for  ield  repairs 
of  the  equipment.  Additional  maintenance  support  is  also  available 
via  air  from  the  original  manufacturers  in  the  event  of  a  breakdown 
for  which  spare  parts  have  not  been  provided.  It  has  been  estimated 
that  ten  percent  of  the  price  of  the  test  equipment  should  cover  the 
cost  of  the  spare  parts. 

Equipment  Environmental  Protection 

Protection  of  the  equipment  in  the  field  environment  is 
being  approached  in  two  ways.  One  way  is  to  actually  apply  protec¬ 
tive  treatment  to  the  equipment  and  the  other  is  to  control  the 
environment.  Moisture  and  fungus  proofing  will  be  applied  to  the 
commercial  equipment  insofar  as  practical.  Shock  and  vibration 
isolation  will  be  provided  for  vehicular-mounted  equipment.  At  the 
transmitter  site,  the  shelters  or  other  enclosures  housing  the  equip¬ 
ment  will  be  air  conditioned  to  control  both  temperature  and  humidity. 
All  equipment  will  be  stored  in  this  conditioned  environment  when 
not  in  actual  use.  Much  of  the  equipment  will  also  be  operated  in 
this  environment.  The  field  intensity  meters  and  recorders  used  in 
the  field  will  be  powered  at  all  times  in  the  field.  Thus,  inter¬ 
nally  generated  heat  will  minimize  humidity  condensation  inside  the 
equipment . 

5 . 3  Description  of  Measurement  Techniques 

The  effects  of  jungle  foliage  upon  other  various  modes  of 

propagation  will  be  determined  after  evaluating  the  basic  transmission 

'  2 

loss  over  each  test  path.  The  basic  transmission  loss  ‘  >  . 

1.  Dr.  H.  R.  Reed,  "Propagation  Data  for  Interference  .-malysis" 
Contract  Number  AF  30 (602 ) -1934 .  Jansky  &  Bailey  Division  of  Atlantic 
Research  Corpoiation. 

2.  K.  A.  Norton,  "System  Loss  in  Radio  Wave  Propagation,"  N . B . S . 
Journal  of  Research,  vol.  630,  pp,  53-73,  July-August,  1959 
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(sometimes  called  path  loss) ,  which  is  defined  as  the  transmission 
loss  expected  between  fictitious  loss-free  isotropic  transmitting 
and  receiving  antennas  at  the  same  locations  as  the  actual  trans¬ 
mitting  and  receiving  antennas,  may  be  expressed  as. 


where 


36.57  +  20  log  f^^  +  20  log  Eo  ^  -  20  log  E  (5.1) 

Eq  is  the  free-space  field  at  one  mile  in  microvolts  per 


meter 

E  is  the  signal  at  the  receiving  antenna  expressed  in 
microvolts  per  meter. 


Thus  the  path  loss  between  a  transmitter  and  receiver  may  be  eval¬ 
uated  if  the  free-space  field  of  the  transmitting  antenna  and  the 
field  strength  at  the  receiving  antenna  are  known. 


Two  general  or  classical  methods  are  available  for 
measuring  field  strength.  They  are  (1)  the  standard  antenna  and 
(2)  the  standard  field  methods.  The  first  technique  makes  use  of 
a  standard  antenna  of  known  dimensions  in  which  the  relationship 
between  the  field  strength  of  the  radio  wave  and  the  voltage  that 
it  Induces  in  the  antenna  is  known.  The  second  method  involves 
comparison  of  the  voltage  induced  in  the  antenna  by  the  radiating 
field  with  that  voltage  induced  in  the  same  antenna  by  a  known 
generated  field.  The  standard  antenna  method  will  be  used  in  this 
program . 


Field  Strength  Measurements 

The  field  strength  measuring  equipment  will  include  an 
Empire  Devices  NF-105  Noise  and  Field  Intensity  Meter  and  associated 
antennas,  a  strip  recorder,  an  antenna  tower  and  transmission  line, 
and  a  portable  power  generator .  A  block  diagram  of  the  receiver 
facility  is  shov/n  in  Figure  5,2. 

The  basic  antennas  associated  with  the  NF-105  are  the 
loop,  whip,  and  dipole.  Each  antenna  represents  a  "standard  antenna" 
and,  in  conjunction  with  the  NF-105,  is  calibrated  directly  in  terms 
of  field  strength  (volts/meter).  The  loop  antenna  will  be  used  for 
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the  lower  frequencies  up  to  150  kc  where  the  loop’s  electrical  size 
is  not  appreciable.  A  41-inch  whip  antenna  will  be  used  from  150  kc 
to  25  Me.  Dipoles  will  be  used  over  the  range  from  25  Me  to  425  Me. 
The  antennas  will  be  raised  to  any  desired  height  up  to  80  feet  by 
a  portable  telescoping  tower. 

The  output  of  the  NF-105  Noise  and  Field  Inteiiiity  Meter 
will  be  recorded  directly  on  a  portable  strip  recorder  which  is 
calibrated  to  allow  the  recorded  values  to  be  converted  to  units  of 
field  strength.  The  recorder  will  be  calibrated  using  the  NF-105 
metered  output  circuitry.  System  accuracy  is  thus  determined  by  the 
NF-105  characteristics. 

In  addition  to  field  strength  measurements  at  the  selected 
field  points,  recordings  of  field  strength  will  be  made  near  ground 
level  along  the  radial.  The  equipment  will  be  the  same  as  that  used 
for  the  measurements  at  the  fixed  field  points.  In  this  instance, 
the  NF-105  calibrated  antenna  for  the  measuring  frequency  would  be 
mounted  on  the  transporting  vehicle.  Since  the  vehicle  will  influence 
the  antenna  calibration,  it  will  be  necessary  to  calibrate  the  antenna 
when  mounted  on  the  vehicle.  This  is  easily  done  by  comparing  the 
antenna  and  vehicle  to  the  calibrated  antenna  only,  and  thus  deter¬ 
mining  new  antenna  factors  and  directivity  constants,  if  any  exist. 

A  calibration  check  such  as  this  would  have  to  be  made  at  all  test 
frequencies  and  for  both  horizontal  and  vertical  polarization. 

For  these  measurements,  the  field  strength  meter  output 
will  be  recorded  on  a  strip  chart  recorder  driven  by  an  odometer. 
Distance  identification  points  along  the  radial  must  also  be  marked 
on  the  chart  to  provide  positive  position  information  at  all  times 
during  the  recording.  Only  one  frequency  and  polarization  can  be 
recorded  each  time  the  radial  is  traversed. 

Receiver  Calibration 

At  any  measurement  point,  it  is  important  that  the  field 
intensity  meter  (NF-105)  and  recorder  be  accurately  calibrated  in 
terms  of  field  strength.  Since  the  NF-105  was  designed  for  this 
purpose,  it  has  an  internal  standard  which  is  used  for  calibration. 

The  strip  recorder  has  built-in  gain  stabilization  circuitry.  A 
reference  voltage  derived  from  an  internal  mercury  cell  is  applied 


to  the  input  and  the  meter  input  amplifier  gain  is  adjusted  for  the 
standard  deflection.  This  standardizes  the  gain  so  that  a  100  ua 
signal  (maximum  NF-105  output)  will  deflect  the  meter  pen  to  full 
scale  on  the  chart.  In  this  manner  the  NF-105  meter  and  the  recorder 
indications  are  correlated.  This  calibration  must  be  made  and 
checkctd  at  intervals  during  the  measuring  periods.  A  single  addi¬ 
tional  check  must  be  made  one  time.  This  is  the  check  which  correlated 
the  NF-105  output  indicaticus  to  the  strip  chart  values.  This  will 
be  done  in  the  laboratory  using  an  external  signal  source  to  vary 
the  NF-105  over  its  metered  output  range.  Recorder  values  would  be 
measured  and  plotted  versus  the  NF-105  output  levels.  This  would 
constitute  a  calibration  of  the  recorder  values.  The  normal  NF-105 
antenna  factors  applied  to  the  recorded  information  will  then  con¬ 
vert  the  data  to  field  strength  in  microvolts  per  meter. 


Transmitting  Antenna  Calibration 

The  free-space  field  referred  to  in  Figure  (5.1)  will  be 
evaluated  by  calibrating  the  transmitting  antenna  using  the  standard 
field  method  previously  mentioned. 


In  this  calibration,  the  field  strength  is  measured  at  a 
finite  distance  from  the  transmitting  antenna.  A  signal  generator 
and  its  antenna  are  substituted  for  the  transmitting  source  and 
the  field  strength  again  is  measured.  The  free-space  fiel’  strength, 
Eq ,  at  the  transmitting  antenna  is  then  determined  by  comparing  the 
field  strength,  E,  from  the  antenna  under  measurement  v/ith  E',  pro¬ 
duced  by  the  standard  field.  (Refer  to  the  following  illustration.) 

Eo  E 
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where 


=  radiation  field  in  the  plane  of  the  loop  at 

distance,  d,  on  the  earth's  surface  from  standard 
field  antenna 

Ec(  =  free-space  electric  field  strength  in  volts/meter 
in  the  plane  of  the  loop 

E  =  radiation  field  in  the  plane  of  the  loop  at  distance, 
d,  on  the  earth's  surface  from  unknown  antenna 

Eq  =  unknown  free-space  field  intensity 

Then 

Eq  “  Eq'  X  volts/meter 

Distance,  d,  can  be  arbitrary;  however,  in  most  cases,  it 
should  be  at  least  a  wavelengtli  at  the  measured  frequency.  At  the 
lower  frequencies,  where  the  antennas  are  electrically  short,  d  can 
be  as  small  as  one-half  wavelength. 

Since  nearly  all  of  the  transmitting  antennas  are  of  a 
standard  variety  (i.e.  whips  and  dipoles)  the  test  transmitters  and 
their  associated  antennas  will  be  used  as  standard  field  generators. 
The  current  will  be  measured  at  the  bases  of  the  whip  antennas  and 
at  the  feed  points  for  the  dipole.  When  the  antenna  dimensions  and 
current  are  known,  the  free-space  field  strength  may  be  computed 
using  the  following  relations. 

Short  top  loaded  vertical  antenna  carrying  a  uniform 

current : 

Eo  =  ^  “  la  (H  <  X/10)  (5.2) 

Center-fed  horizontal  or  vertical  antenna  of  any  length: 

'a  r  Bl'> 

Eo  =  - jl  -  cos  |i-'  (d  >  k/6)  (5.3) 

d  sin  , 

For  a  half-wave  dipole  this  becomes 

60  I 

Eo  =  — ^  (5.4) 
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Vertical  whip 


60  I  .  ,  . 

^  ■  cl  sin  BH  ?■  -  (H  -  n  j)  (5.5) 

Eq  “  field  strength  in  volts/raeter  at  distance  d 
d  -  distance  in  meters 
X  =  wavelength  in  meters 

H  -  height  of  vertical  antenna  in  wavelengths 

i  -  length  of  center-fed  antenna  in  wavelengths 

I  =  current  at  antenna  base  in  amperes 
a 

Expressions  (5.3)  and  (5.5)  are  derived  assuming  an 
infinitely  thin  antenna  having  a  sinusoidal  current  distribution. 

For  this  antenna  the  base  or  terminal  current  is  related  to  the 
loop  current  by 

I  =  I,  sin  3H  (H  =  (5.6) 

For  antenna  lengths  for  which  H  is  a  multiple  of  a  half -wavelength , 
the  assumed  sinusoidal  distribution  gives  a  value  of  zero  for  the 
current  at  the  feed  point  corresponding  to  an  infinite  input  resis¬ 
tance.  At  these  lengths  the  actual  input  current  will  be  small  but 
not  zero,  and  the  input  resistance  will  be  large  but  not  infinite. 

Therefore,  the  following  expression  for  free  space  field 
strength  will  be  used  for  values  of  H  near  n  X/2. 


60  I 


-  cos  0H 


(5.7) 


where 


loop 


is  determined 


from  the  following  expression 


where 


For  H 


P  Til  TIb 

^loop  — R -  amperes  (rms)  (5.8) 

Til  "  antenna  efficiency 

T|a  ”  transmission  line  and  coupling  efficiency 
P  •=  transmitter  output  power  in  watts 

-  antenna  radiation  resistance  referred  to  the  loop 

X/2,  R^  ”  100  ohms  and  Tli  =  0.95. 
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Measurement  of  Ionospheric  Mode  Path  Loss 

A  pulse  discrimination  technique  will  be  employed  in  order 
to  eliminate  the  effects  of  signals  received  via  other  propagation 
modes  when  measuring  short  range  ionosphere  path  loss.  This  tech¬ 
nique  utilizes  the  fact  that  the  transmission  time  for  the  ionospheric 
path  is  much  greater  than  for  the  ground  wave.  Thus,  when  pulses 
of  shorter  duration  tiianthe  difference  in  propagation  time  between 
the  modes  are  employed,  the  received  signal  may  be  separated  into 
its  components  parts  and  undesired  signals  blanked  out  at  the 
receiver.  A  general  idea  of  the  display  of  the  received  signal  over 
one  period  is  shown  in  the  diagram  below. 
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The  following  table  shows  the  approximate  propagation  times  to  the 
various  measuring  points. 
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the 

signals , 

transm 

li  t  ted 

pulses  shoul 

d  be  of  the  orde'"  o.‘ 

200  ns 

or 

less  durat 

ion  wi 

th  a  r 

epetition  ra 

te  of  approximately 

300-350 

eye 

les  . 

The 

sugge 

s ted  i 

ns  tr umen  ta  t  i 

on  for  this  system  i 

s  shown 

in 

Figure  5.3 

.  The 

outpu 

t  of  a  pulse 

generator  is  used 

o  pulse 

the 

exciter  of  the 

T-368 

transmi 1 1  or 

whose  output  is  then 

a  train 

of 

CW  pulses. 

The 

signal 

is  received 

by  an  NF-105  noise 

h  field 

intensity  meter  whose  detected  output  is  gated  such  that  the  ground 
wave  may  be  eliminated.  The  signal  is  then  amplified  and  integrated 
to  a  dc  level  which  is,  in  turn,  plotted  on  a  strip  recorder.  With 
calibration  this  dc  level  corresponds  to  a  finite  value  of  field 
strength . 
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Fi^re  5.3.  Instrumentation  for  Measuring 
Ionospheric  Mode  Path  Loss. 
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Ac  tu  ,  :'i  f'  1  d  St  r(‘ngt  h 


Ficairo  '>.4.  re trf”'.tod  Signal  Waveforms. 
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The  time  difference  between  the  various  pulses  may  be 
measured  when  the  NF-105  output  is  displayed  on  an  oscilloscope. 
These  measurements  may  be  used  to  evaluate  the  virtual  layer  heights 
and  the  relative  amplitude  of  each  reflected  signal. 

Figure  5.4  shows  the  expected  received  signal  waveforms 
observed  with  this  instrumentation. 

Measurement  of  Atmospheric  Noise 

Measurements  of  the  ambient  noise  will  be  made  in  the 
same  general  manner  as  the  field  strength  measurements.  The  noise 
level  in  microvolts  per  meter  will  be  measured  at  discrr'te  fre¬ 
quencies  with  the  NF-105  Noise  and  Field  Intensity  Metei'. 

Weather  Data 

A  meteorological  kit  has  been  requested  in  order  to  pro¬ 
vide  instruments  to  measure  dry  bulb  temperature,  wet  du'.b  tempera¬ 
ture,  barometric  pressure,  and  the  amount  of  daily  rain'all.  The 
first  three  parameters  are  used  to  compute  the  radio  refractivity 
and  will  be  measurea  at  least  three  times  each  day  while  tests  are 
being  conducted.  Barometric  pressure  readings  are  also  required 
for  proper  operation  of  a  precision  altimeter  to  be  us‘'-d  for  mea¬ 
suring  field  point  elevations. 

5 . 4  Field  Data  Reduction 

The  field  strength  recordings  sent  to  the  administrative 
office  in  Bangkok  for  data  reduction  will  be  of  two  forms.  One 
form  will  show  the  measured  field  strength  in  microvolts  per  meter 
as  a  function  of  distance;  the  second  will  show  the  field  strength 
in  microvolts  per  meter  as  a  function  of  height  at  a  "ixed  distance. 
In  both  cases,  time  of  measurement  (date  and  hour),  frequency, 
distance,  antenna  heights,  polarization,  weather  conditions  (rain, 
overcast,  clear,  etc.)  and  the  radiated  field  at  one  nile  will  be 
printed  on  the  original  recordings. 

The  recordings  resulting  from  the  measurements  that  are 
made  with  the  receiving  equipment  in  the  moving  vehicles  will  show 
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the  received  signal  as  a  function  of  distance  which  is  determined 
in  the  following  manner.  The  results  of  an  aerial  survey  will  be 
used  to  determine  the  location  of  the  jungle  trails  and  significant 
landmarks  relative  to  the  transmitter  site.  This  information  will 
be  transferred  to  maps  of  the  area.  Concentric  circles,  centered 
on  the  transmitter,  will  also  be  drawn  on  the  map  every  0.2  mile 
from  0.6  to  3.0  miles  and  every  0.5  mile  beyond  3.0  miles.  Those 
points  defined  by  the  intersection  of  the  boundaries  of  the  distance 
sectors  and  the  jungle  trails  will  be  marked  along  the  trail.  As 
a  vehicle  moves  between  field  points,  each  distance  sector  boundary 
will  be  marked  on  the  recording  as  the  vehicle  passes  that  point. 

A  record  of  the  distance  traveled  within  the  sector  will  also  be 
noted  on  the  chart. 

Each  sector  of  each  recording  will  then  be  analyzed  for 
three  values  of  field  strength;  (1)  the  value  exceeded  for  10  per¬ 
cent  of  the  distance  within  the  sector,  (2)  the  median  value  of 
field  strength  within  the  sector,  and  (3)  the  value  of  field  strength 
exceeded  for  90  percent  of  the  distance  within  each  sector.  In  all 
cases,  the  received  field  intensity  will  be  adjusted  to  correspond 
to  a  free-space  field  of  100  millivolts  per  meter. 

Figure  5.5  shows  how  an  original  recording  for  a  distance 
sector  between  3.0  miles  and  3.5  miles  might  appear  for  ’^^he  frequency 
and  antenna  heights  indicated.  The  odometer  scale  belccA-  the  recording 
shows  that  the  vehicle  traveled  one  mile  within  the  sector  boundaries 
and  that  the  chart  advanced  at  the  uniform  rate  of  fivp  inches  per 
mile.  Ten  percent  of  this  distance,  or  0.1  mile,  corresponds  to  a 
horizontal  chart  length  of  0.1  mile  x  5  inches  per  mile.  As  shown 
on  the  figure,  the  field  strength  value  exceeded  for  only  0.5  inch 
of  the  horizontal  scale  (10  percent  of  the  distance  traveled  within 
the  sector)  is  6.5  millivolts  per  meter.  This  value,  corrected  to 
a  free-space  field  of  100  millivolts  per  meter  at  one  mile,  is 
21.7  millivolts  per  meter.  The  value  of  field  strength  exceeded 
for  50  percent  of  the  distance  within  the  sector  of  0.5  mile  (2.5  inches 
on  the  horizontal  scale),  is  6.0  millivolts  per  meter.  The  corrected 
field  strength  is  20.0  millivolts  per  meter.  The  corrected  value 
exceeded  for  90  percent  of  the  distance  (4.5  inches  on  the  horizontal 
scale)  is  4.6  x  100/30,  or  15.3  millivolts  per  meter. 
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Figure  5.5.  mple  Field  Strength  Recording. 


Figure  5.6  shows  the  results  of  this  type  of  analysis  for 
a  complete  radial.  To  show  the  type  of  terrain  along  each  route 
where  the  field  intensity  measurements  were  made,  a  curve  of  height 
in  feet  versus  airline  distance  (the  path  profile)  will  be  plotted 
for  each  route  on  the  same  sheet  with  the  field  intensity  radial  of 
that  route.  These  curves  will  be  obtained  by  determining  the  height 
for  each  sector  from  topographic  maps  and  an  altimeter,  and  plotting 
this  height  for  each  sector  versus  the  distance  from  the  transmitter 
location  to  the  center  of  that  particular  sector.  vftien  the  changes 
in  elevation  within  any  one  sector  are  too  numerous  to  be  accurately 
shown  by  one  point  on  the  curve,  the  sector  will  be  divided  into 
smaller  sectors  and  a  height  determined  and  plotted  for  each  of 
these  small  subdivisions.  Because  the  routes  are  not  true  radials, 
the  profiles  do  not  represent  the  exact  contours  between  the  trans¬ 
mitter  and  any  one  sector.  They  do,  however,  show  the  general  nature 
of  the  terrain. 

The  second  form  of  recording  to  be  reduced  at  the  Bangkok 
office  will  show  the  variation  of  field  strength  with  receiving 
antenna  heights  at  a  fixed  distance.  These  recordings  will  be 
analyzed  in  a  manner  similar  to  the  method  discussed  above.  However, 
in  this  case,  the  height  will  be  divided  into  sectors  (approximately 

10  feet).  Again,  three  values  of  field  strength  will  be  determined 

from  the  measured  data:  (1)  the  field  strength  value  exceeded  for 

10  percent  of  the  height  sector,  (2)  the  median  field  strength  or 

value  exceeded  for  50  percent  of  the  height  sector,  and  (3)  the  value 
exceeded  for  90  percent  of  the  height  within  each  interval.  The  data 
resulting  from  the  measurements  at  various  antenna  heights  will  be 
presented  in  a  form  similar  to  that  shown  in  Figure  5.7  where  field 
strength  values  have  been  plotted  at  the  center  of  the  height  sectors. 
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Fi^iro  5.6,  Varintioii  of  Field  Strength  with  Distance. 


6.0 


DATA  ANALYSIS 


Although  the  majority  of  time  during  this  reporting 
period  has  been  devoted  to  the  preparation  of  the  "Tropical  Pro¬ 
pagation  Research  Primary  Field  Test  Plan",  some  work  pertaining 
to  the  data  analysis  procedures  has  been  started.  Figure  6.1 
shows  the  contemplated  data  analysis  procedures.  The  over-all 
objective  of  the  analysis  is  to  devise  a  method  of  predicting 

the  basic  transmission  loss  (L.  )  and  its  statistical  distribution 

b 

over  irregular  terrain  covered  by  jungle  foliage  and  to  determine 
noise  factors  (F  )  appropriate  for  tropical  areas.  When  the 
factors  and  F^  are  available,  Equation  (2.1)  may  be  used  to 
evaluate  the  applicability  of  new  and  existing  communication 
equipment  to  tropical  environments. 


The  approach  to  the  data  analysis,  as  outlined  in 
Figure  6.1,  is  based  on  the  assumption  that  foliage  attenuation 
and  rough  terrain  attenuation  can  be  separated  in  the  measured 
data.  This  will  be  accomplished  by  predicting  the  path  loss  over 
rough  terrain  in  the  absence  of  foliage  for  each  propagation  path. 
The  difference  in  this  predicted  loss  and  the  measured  loss  will 
be  attributed  to  foliage  attenuation.  Statistical  methods  will 
then  be  used  to  relate  the  foliage  attenuation  to  identifiable 
factors  which  influence  the  attenuation. 


The  first  two  columns  on  the  left  of  Figure  6.1  indicate 
the  type  of  data  that  will  be  obtained  from  the  field  measurement 
program.  Because  of  the  large  volume  to  be  handled,  each  series 
of  measurements  will  be  coded  appropriately  for  later  identifi¬ 
cation  as  shown  in  the  third  column.  Study  effort  is  shown  in 
the  blocks  outlined  by  the  dot-dash  lines  and  represent  the  de¬ 
velopment  of  methods  of  analysis  to  be  applied  to  the  field  data. 
Three  of  these  studies  have  been  started  during  the  pr^'sent  re¬ 
porting  period  and  will  be  considered  in  greater  detail  later  in 
this  section.  When  all  the  studies  are  completed  and  the  field 
data  are  available,  manual  operations  indicated  in  the  h’ocks 
formed  by  the  solid  lines  in  the  fourth  column  will  be  .'-i.arted. 

The  blocks  formed  by  the  dashed  lines  indicate  the  oper.iiions 
which  can  readily  be  performed  by  a  digital  computer  T'-o  results 
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of  columns  six  and  seven  will  lead  to  the  results  shown  in  column 
eight  which  are  a  summary  of  the  over-all  analysis  objectives. 

The  three  studies  which  have  been  started  are 

(1)  Develop  a  method  of  analysis  for  radio  refractivity 

N  and  the  effective  earth’s  radius  factor  k. 
s 

(2)  Develop  a  mathematical  model  for  calculating 
rough  terrain  path  loss  in  the  absence  of  foliage 
for  each  mode. 

(3)  Develop  a  method  for  obtaining  an  appropriate 
statistical  index  of  terrain  roughness  that  can 
be  used  to  categorize  terrain  in  a  tactical  area. 

These  studies  are  discussed  in  the  following  sections. 


6 . 1  Calculation  of  Radio  Refractivity  and  Effective  Earth's 

Radius  Factor 


The  radio  refractivity  is  known  to  be  a  function  of  three 
basic  atmospheric  parameters:  temperature,  pressure,  a?.!  water 
content.  The  relationship  between  these  quantities  i"  expressed 
as 


N  -  (n  -  1)10® 
s 


'77.6''  .  (4810e) 

rp  P  +  "p 


(6.1) 


where  the  total  air  pressure,  p,  and  the  water  vapor  pressure,  e, 
are  in  millibars  and  the  temperature,  T,  is  in  degrees  Kelvin. 

Figure  6.2  shows  a  data  sheet  suitable  for  both  recording 
the  necessary  data  in  the  field  and  computing  the  radio  refractivity 
using  Equation  (6.2)  The  first  and  second  columns  show  the  date 
and  time  of  observation.  The  third,  fourth,  and  fifth  columns  are 
used  to  record  the  dry  bulb  temperature,  wet  bulb  temperature,  and 
barometric  pressure  (These  three  parameters  will  be  measured  at 
least  three  times  each  day — in  the  morning,  at  noon,  and  in  the 
afternoon.)  The  sixth  column  shows  the  atmospheric  pressure  ex¬ 
pressed  in  inches  of  mercury.  The  seventh  column  is  used  to  re¬ 
cord  the  difference  between  the  actual  atmospheric  pressure  and 
the  standard  atmospheric  pressure. 


The  water  content  in  grains  of  water  per  pound  of  dry 
air  (W')  is  obtained  from  a  psychrometric  chart  as  a  function  of 
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dry  bulb  temperature  and  wet  bulb  temperature  for  a  barometric 
pressure  of  29.92  inches  of  mercury  (see  Figure  6.5).  This  value 
is  recorded  in  the  eighth  column.  Moisture  content  corrections 
for  barometric  pressures  other  than  the  stai dard  value  of  29.92  inches, 
Hg,  are  obtained  using  the  following  equation  and  Figures  6.3  and 
6.4.  The  moisture  content  correction  in  grains  per  pou-d  of  dry 
air  is  expressed  as 


AW  =  AW' 
s 


FDD  -  FWB 


(6.2) 


where 


AW'  =  moisture  content  correction  of  air  saturated 

S 

at  wet  bulb  temperature  when  barometric  pressure 
differs  from  standard  barometer  (grain.s  per  pound 
of  dry  air)  and  is  obtained  from  Figures  6.3 
and  6 . 4 


FDB  ■=  dry  bulb  temperature  in  degrees  Fahrenheit 

FWB  -  wet  bulb  temperature  in  degrees  Fahrenheit 

The  water  content  in  grains  of  water  per  pound  of  dry  air  (W)  for  an\ 
barometric  pressure  is  then 

W  =  W'  +  AW  (6.3) 

Columns  8  through  11  are  used  to  calculate  W.  This  valui^  of  W  is 
then  converted  to  water  pressure,  e,  in  millibars  and  recorded  in 
Column  12.  Dry  bulb  temperatures  in  degrees  Centigrade  and  Kelvin 
are  listed  in  Columns  13  and  14.  The  conversion  from  degrees 
Fahrenheit  to  degrees  Centigrade  may  be  accomplished  u^ing  readily 
available  conversion  charts  Columns  15,  16,  and  17  are  used  to 

perform  the  algebraic  operations  in  Equation  (6.1).  "'50  following 

example  illustrates  the  use  of  the  table  shown  in  Figure  6.2. 


(1) 

Date ; 

24  February  1963 

(2) 

Time : 

1200  hours 

(3) 

FDB  = 

94  degrees 

(4) 

FWB  = 

84  degrees 

(5) 

P  = 

a 

704.01  mm  Hg 

6-5 


PSYCHROMETRIC  CHART 

BAROMETRIC  PRESSURE  29  92'  MERCURY 


Fi^TTire  ri.5 
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(6) 

P 

a 

- 

704.01  X  0.03937  -  27.72  inches, 

Hg 

(7) 

AP 

a 

- 

27.72  -  29.92  =  -2.2  inches,  Hg 

(8) 

w' 

- 

161  grains  (see  Figure  6.5) 

(9) 

AW' 

- 

14.6  grains  (see  Figure  6.3) 

(10) 

AW 

- 

^  “14.5 

(11) 

W 

- 

161  +  14.5  =  175.5  grains 

(12) 

e 

- 

175.5  X  1013.25/(4360  +  175.5)  - 

39  . 

20 

mill ibars 

(13) 

CDB 

■i 

34.4  degrees  (dry  bulb  temperature, 
degrees  Centigrade) 

(14) 

KDB 

273.2°  +  34.4°  =  307.6  degrees 

(15) 

Pa 

ai 

704.01  X  1.332  =  938.59  millibars 

(16) 

n 

■i- 

4810e  g2g  59  ,  4810  x  39.20  ., 

551 

.  72 

Pa 

*r 

(17) 

N 

s 

'77.6  4810e  77.6  x  1551. 

72 

391 . 5 

T  Pa  ^  T  307 . 6 

I  n 

order 

to 

represent  radio  rays  as  straight 

1 i nes  , 

at 

least  within  the  first  kilometer  above  the  earth's  surface,  an 
effective  earth's  radius  factor  (k)  may  bo  defined  which  is  a 
function  of  the  surface  ref rac t i v i t y  ,  N  . 


1  -  0.04664  exp  (0.005577  N^) 


-1 


(6.4) 


The  effective  earth's  radius  (a)  is  then  given  by 

a  =  ka  ' 

where  a'  is  the  actual  radius  of  the  earth,  approximately  3960  miles. 
Where  a  would  become  negative,  the  earth  is  considered  a  plane. 

Figure  6.6  shows  the  variation  of  k  with  . 

The  value  of  k  which  corresponds  to  the  surface  refrac- 
tivity  calculated  in  the  example  above  is 

k  -  ^1  -  0.04665  exp  (0.005577  >  391.5)" 

k  -  1 . 707 
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6.2 


Prediction  of  Basic  Transmission  Loss  Over  Line-of -Sight 
Paths 


The  following  method^  for  predicting  the  basic  trans¬ 
mission  loss  over  1 ine-of-sight  paths  has  been  proposed  by  Phillip 
L.  Rice.  In  this  prediction  procedure  the  actual  terrain  profile 
existing  between  the  transmitter  and  receiver  is  replaced  bv  a 
smooth  curve  which  is  statistically  determined  as  a  least  'iquare 
fit  to  the  actual  profile.  The  conventional  interference  field 
prediction  formulas  are  then  used  after  the  earth  reflection  co¬ 
efficient  is  modified  by  a  factor  which  depends  upon  the  orrain 
roughness . 

A  modified  terrain  profile  is  plotted  on  linear  graph 
paper,  see  Figure  6.7,  by  modifying  the  actual  terrain  elevations 
to  include  the  average  effect  of  tiie  curvature  of  a  radio  rav  path 
relative  to  the  earth's  surface.  The  modified  elevation  y.  is 
given  by 

2x  2 

y .  «=■  h  -  — ^ —  feet 

•^1  1  3k 

where  h.  is  the  actual  elevation,  in  feet,  at  a  distance  x. ,  in 
1  1 

miles,  from  the  transmitter  and  k  is  the  effective  earth's  radius 
factor  which  corresponds  to  the  measured  value  of  surface  radio 
refractivity  obtained  at  the  field  test  site.  That  par.  af 
the  path  profile  which  is  adjacent  to  either  antenna  and  not 
visible  from  the  antenna  is  eliminated  from  any  further  c  '^.'^id- 
eration.  The  remainder  of  the  path  is  divided  into  n  eqv rd  slant 
points  ( Xq  ,  x^  ,  ...  x^)  and  used  to  determine  the  least  '  ares 

fit  which  is  given  by 

h  ( X )  "  a^  +  a,  X  f  ee  t  (6.5) 

The  constants  ag  and  aj  are  obtained  by  solving  the  follov.ng  two 
simultaneous  equations. 


1.  A  model  for  "Li ne-of -Si gh t  Tropospheric  Propagation”  bv  Philip 
L.  Rice  CRPL,  Boulder,  Colorado,  as  modified  by  Dr.  H  R.  Reed 
and  W.  G.  Ricliards  for  use  in  the  Tropical  Propagation  Research 
Program . 
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Fipjre  6.7.  Plot  of  Terrain  Profile. 


6-12 


(6.6) 


^  -  nao  +  El  ^ 

’‘i’ 

The  effective  antenna  heights  at  the  transmitter  ('^^g) 

the  receiver  (h  )  are  the  antenna  heights  above  the  curve  given  by 

re 

Equation  6.5. 


=  hi  =  h  -  h(0) 

te  ^  ts 

(6.7) 

=  ha  =  h  -h(d) 

re  ^  rs 

(6.8) 

where  h^^  =•  height  of  the  transmitting  antenna  above  sea  level 
and  h^^^  =*=  height  of  the  receiving  antenna  above  sea  level. 

The  distance,  d^  ,  from  the  transmitter  to  the  .geometrical 
reflection  point  is  determined  by  solving  the  followin'^'  .ubic  equa¬ 
tion. 

d,/  -  ^  di=  d  +  -  |(hi  +  ha)  k  d^  +  |  k  hi  d  -  0  (6.9) 


and 


For  an  analytic  solution  ,  determine 

h;  ”  hg 
"  hj  +  h.. 


m 


mi 


3  k  (  h  1  +  ha  ) 


ft 


(6. 10) 


(6.11) 


The  distances  di  and  da  are  given 

d.  =  §(1 

dp  =  -jd 


by 

+  b) 

(6.12) 

-  b) 

(6.13) 

where  b  is  determined  from  a  nomogram  similar  to  Figure  6.8. 


2.  H.  R.  Reed,  "Propagation  Data  for  Interference  .'Inalysis," 

Jansky  and  Bailey  Division  of  Atlantic  Research  Corooration, 
Contract  No.  AF  30(602)  -  1934.  Jan.  1962,  pp.  80-87. 
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Figure  6.8.  Nomogram  for  Determining  dj  from  Cubic  Equation. 


The  reflected  ray  path  lengths,  r^  and  r,  ,  are  given  by 

r  h  /  h 

r^^a  =  (3960k  sin  (7920  k  +  -  3960  k  sin  | 

^  (6.18) 

The  Fresnel  ellipse  cuts  the  propagation  path  at  two  points, 
and  miles  from  the  transmitter.  These  distances  are  given  by 

2x^  j^(l  +  6)  =  (r^  +  r3)(l  +  6)  +  (r^  -  Tg  ^  cos  ^^| 

> 

{r,  +  rg  e  (6.19) 

where 

(6.20) 


r  0.00868 _ 

If  ^  (r.  +■  I’g  )• 


0 . 18636  _ 

Cr^  +  Tg  )  sin 


The  standard  deviation,  a^,  of  the  terrain  elevations, 

h(x^),  relative  to  the  smoothed  terrain  h(x)  (=  a^  +  a^  x ''  for  values 

of  distance  x  from  x  to  x,  may  now  be  obtained.  If  x  <  Xr  or 

a  b  a  ^ 

x^  >  x^^,  use  either  Xq  or  x^,  respectively. 
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surface , 


The  divergence  factor  for  energy  reflected  from  a  spherical 
when  using  the  ray  theory,  is 


1  d|  djj 

D  =  1  +  - 

I  1980  kd  tan  y 


(6.21) 


The  effective  ground-reflected  coefficient,  ,  is  ex¬ 
pressed  as 


=  D|  R I  exp  - ' 


h  sin  f 


(6.22) 


when  isotropic  antennas  ai-e  assumed  to  exist  at  each  terminal. 

(R  “  Re^*^,  the  earth's  reflection  coefficient.)  However,  if  R^ ,  as 
given  above  is  less  than  sin  w.  and  at  the  same  time  less  than  0  5, 
then  use 

R  =  Vs in  y  (6.23) 


Simplified  procedures  for  evaluating  the  plane  earth  re¬ 
flection  coefficient,  Re^'®  ,  are  readily  available^  and  will  not  be 
considered  here 

i'iie  basic  transmission  loss  is  given  by 


L.  =  36 . 57  +  20  log  f  +  20  log  d  .  +  A 

r  J  rYi  ^  m  1 


me 


mi 


(6.24) 


where 


A  =  -10  log  1  +  R^  +  2R^  cos  (0  -  0)  25) 

EXAMPLE:  The  following  example  is  based  on  data  for  a  transmission 

path  over  rough  terrain  for  which  measured  data  are  available 

The  path  profile  is  shown  in  Figure  6.9.  In  this  case, 

Xq  and  Xg  1  are  the  end  points  of  the  patii. 


2.  Ibid. 
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PROFILE  DATA 


i 

i 

0 

220 

0 

11 

120 

6 . 2 

1 

182 

0.6 

12 

110 

6.7 

2 

165 

1 . 1 

13 

105 

7.3 

3 

160 

1.7 

14 

100 

7.8 

4 

170 

2.2 

15 

100 

8.4 

5 

168 

2.8 

16 

82 

9.0 

6 

164 

3.4 

17 

50 

9.5 

7 

160 

3.9 

18 

70 

10.1 

8 

162 

4 . 5 

19 

70 

10.6 

9 

150 

5.0 

20 

70 

11 .  1 

10 

125 

5.6 

21 

47 

11.6 

The 

coefficients 

to  the  least  square  fit  are 

det 

ermi ned 

solving  for  a^ 

and  a^  from 

the  following  simultaneous 

equa 

t ions : 

22  ao  +  129 . 1  aj  =  2750 

129.1  a^  +  1031.93  a^  =■  12,686.6 


The  resulting  least  squares  fit  is  then 
h(x)  =  198.81  -  12.58X  feet. 
It  follows  that 

h  (0 )  -  198.8  feet 


h(d)  =  h(11.6) 

=  53.39 

feet 

The 

antenna  heights 

'  \s 

and  h  , 
rs 

will  be  assumed  at  363  ^eet  and 

200 

f  eet , 

res  pec  t i ve 1 y , 

since  measured  data  at  ^0.5  Me  ar<‘  available 

for 

these 

heights . 

Then 

ht  ■  ’’1  ■ 

363 

-  198.8  = 

164 .2  feet 

h  =  ha  “ 

200 

53.4“ 

146 .6  feet 

The  values  of  and  dg  will  be  determined  by  the  analytical  method 
as  follows: 
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c 


164.2  -  146.6 
164.2  +  146.6" 


0.056 


(11.6)^ 

4 (164 .2  +  146.6) 


0.107 


The  corresponding  value  of  b  is  0.05.  Thus, 


til  “ 

11.6  ,, 

f  0.05)  “  6.07 

dg  = 

to 

-  0.05)  =  5.49 

Also , 

! 

Ih  = 

164.2  - 

i(6.07)=  =  145.8 

t 

hg  = 

146.6  - 

i(5.49)=  =  131.5 

t  a  n  , 

164 . 2 

(6 . 07  )  = 

^  =  0.00455 

(5280)  (6 . 07  > 

r^  =  1(5280  X  0.00455)=  +  — 2  x  5280  +  -  5280  x 

r|  ”  6 . 068  miles 
Tg  ="  5.478  miles 

-  1  .;8  5  ■  lo  *  ■  I ‘15. 8  X  L  5 1,5  X  40  5  o  to 

S  -  - TTT,; -  “9-3 


6 


!  .00868  0.1864 

-  +  - 

1(40.5)=  (6.068  +  5.478)=  ( 40 . 5 )  (6 . 068  +  5.478), 


- = -  =  19  2  50 

(  .00455)  = 


0.00455 
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2x  .  (1  +  19,250)  " 
a ,  D 


(6.068  +  5.478)(1  +  19.250)  +  (6.068  -  5.478) 


±  (6.068  +  5.478)  (19.250)  il  + 


4  (6.068) (5.478  ) 


cos  0.2° 


(6.068  +  5.478)^  (19.250) 


X  =  0.16 

a 

X.  =  11.42 
b 


The  standard  deviation,  of  the  terrain  elevations 

h(x^)  relative  to  the  smoothed  terrain  h(x)  is  determined  from  the 
data  shown  in  the  table  below. 


DATA  REQUIRED  FOR  EVALUATING  STANDARD  DEVIATION  OF  TERRAIN 


i 

X  , 

1 

h 

1 

h  (x) 

1^  -  h( 

0 

0 

220 

198.81 

21 . 19 

1 

0.6 

182 

191.26 

9.3 

2 

1 . 0 

165 

184.97 

20.0 

3 

1.7 

160 

177 . 42 

17 . 4 

4 

2 . 2 

170 

171 . 13 

I  .  1 

5 

2.8 

168 

163.59 

4 . 4 

6 

3.4 

164 

156.04 

8.0 

7 

3.9 

160 

149 .75 

10.3 

8 

4 . 5 

162 

142.20 

19.8 

9 

5.0 

150 

135.91 

14  .  1 

10 

5.6 

125 

128 . 36 

3 . 4 

11 

6 . 2 

120 

120.81 

0.8 

12 

6.7 

110 

114 . 52 

4 . 5 

13 

7 . 3 

105 

106.98 

2 . 0 

14 

7.8 

100 

100.69 

.  7 

15 

8.4 

100 

93.14 

6.9 

16 

9 . 0 

82 

85.59 

3.6 

17 

9 . 5 

50 

79.30 

29 . 3 

18 

10.1 

70 

71.75 

1.75 

19 

10.6 

70 

65.46 

4 . 5 

20 

11.1 

70 

59 . 17 

10.8 

21 

11.6 

47 

52.88 

5.9 
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The  standard  deviation  obtained  from  these  twenty-two  values  of 
I h^  -  h(x)l  is  11.96  feet. 

The  divergence  factor,  D,  is 


D 


1  ^  2  (6.07)  (5.49) 

^  5280  (11 .6)  (0.00455) 


0.898 


The  reflection  coefficient  for  horizontal  polarization  is  approxi¬ 
mately  1  e  .  Thus,  the  reflection  coefficient  for  the  rough 
terrain  is 


-  (0.89803X1)  exp  '  (UJ!G210_00|5£Xi0_5) .  ^  ggg 

cos (9  -  C)  =  cos (9 . 3  +  180)  =  -0  987 
The  value  of  A,  the  loss  in  excess  of  free  space,  is 

A  =  -10  log  1  +  (0.89605)^  +  2  (  . 89605 ) (-0 . 98686 )  =  14.54  db 

and  the  basic  transmission  loss  is 

=  36.57  ^  20  log  40.5  +  20  log  11.6  +  14.65 
=  104  63  db 

The  measured  value  of  loss  over  this  path  for  the  parameters  selecteci 
for  this  example  is  106.3  db,  a  difference  of  1.7  db  fi  the  pre¬ 
dicted  value. 

Additional  measured  data  are  available  for  this  and  other 
paths  at  various  frequencies.  A  comparison  between  the  measured  loss 
values  and  values  predicted  by  ..le  procedure  given  above  is  shown  in 
the  following  table.  The  standard  deviation  for  the  fo’ lowing  cal¬ 
culated  versus  measured  data  is  4.2  db,  which  represent.s  very  good 
correlation  . 

Frequency  ^  ^b 

_ _ (.Me)  _  (calculated)  (measured  > 


Pa  th  A 

d  =  116  miles 

40 . 5 

104.6 

106 . 3 

7  5.5 

106 . 8 

105 . 8 

165.2 

108 , 7 

113.5 

4  55  0 

110.2 

117.3 
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Frequency 

(Me) 

(calculated) 

h, 

(measured) 

Path  B 

d  -  17.0  miles 

40.5 

106.7 

116.1 

75. 5 

111.0 

115.0 

165.2 

116.1 

114 . 6 

455.0 

120.4 

123  .  1 

Path  C 

d  -  7.4  miles 

40 . 5 

94 .4 

94 . 4 

75. 5 

96.4 

96.0 

165.2 

98.5 

101 . 7 

455. 0 

102.3 

99.0 

6.3  Prediction  of  Basic  Transmission  Loss  Over  Paths  Beyond 

TFie  Line-of -Sight 

A  major  undertaking  which  arises  in  conjunction  with  the 
tropical  propagation  problem  is  that  of  predicting  the  field  strength 
over  rough  terrain  paths  with  the  receiving  antenna  located  within 
the  diffraction  field  of  the  transmitting  antenna.  The  problem 
arises,  because  in  order  to  determine  the  loss  due  to  tropical 
vegetation  over  a  given  path,  the  loss  over  a  tree-less  path 
having  the  same  path  profile  must  be  predictable.  A  mathematical 
model  is  available  for  making  such  calculations,  but  the  method 
is  rather  long  and  tedious  to  carry  out.  The  question  arose  as 
to  whether  or  not  it  would  be  possible  to  foreshorten  the  labor 
of  calculation  by  devising  some  sort  of  an  equation  which  would 
yield  the  path  loss  but  at  a  saving  in  labor  over  previous  mathe¬ 
matical  models, 

A  hypothetical  profile  was  then  set  up  in  which  diffrac¬ 
tion  calculations  could  be  made  in  which  the  distance  d,  (or  d,  ) 

Lt  Lr 

could  be  varied  as  well  as  the  angle  0  while  keeping  all  other 
parameters,  ,  h^^,  and  0^  ,  and  total  distance  d  at  fixed  values. 

In  Figure  6.10  is  plotted  the  results  of  such  a  series 

of  calculations  in  which  A  (the  loss  in  excess  of  free  space  loss) 

is  plotted  versus  6  for  different  discrete  values  of  d,  .  The 

ei  Lt 

distance  d^^^ ,  for  the  profile  chosen,  varies  in  increments  of 
5  miles  from  5  to  40  miles.  The  result  is  a  family  of  curves. 


1 


1 


1 


( 


6 


•i 


A 


i 


2t 
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Th3  curves  of  Figure  6.10  are  for  a  transmitting  antenna 
height  above  sea  level,  h  ,  of  500  feet  and  a  9  of  0"',  meaning 

L  S  G  2 

that  at  the  receiver  the  incident  ray  is  approaching  tangential 
to  the  curvature  of  the  earth.  Can  a  single  equation  be  obtained 
to  represent  the  family  of  curves?  Is  this  equation  accurate, 
and  can  it  be  readily  manipulated? 


An  equation  which  represents  the  family  of  curves  shown 

in  Figure  6.10  is  presented  in  the  following,  but  said  equation 

has  two  sets  of  numerical  coefficients  depending  upon  whether 

9  is  ^  0  or  i  0. 
ei 


The  loss  A,  in  excess  of  free  space  loss,  is  given  by, 


A^^  -  ao  +  a^  X  +  ag  x^  -t-  aa  x^  +  a^  y  +  a«  y^  +  ae  y^  +  a?  xy  -  aa  x^  y 
+  aex^y  +  a^oxy^  +  x\v’  a^  a  y^  +  a^axy^  +  a^  ^  x=^  y^ 
+  ai  6  y^ 


where 


and 


X  i  0 
X  i  0 


X  0 
X  ^  0 


X 

y 


0  in  milliradians 
ei 


in  miles 


ao 

90 . 740967 
95. 894356 
a^ 

-0 . 53771973 
-1 . 1418571 
aa 

-0.02640625 
-0 .005365143 

aj  a 


4 . 890625 
3 . 0886478 
aa 

0 .02284546 
0.04000263 
as 

-0.001125 
0 . 0000176773 


0 . 3015625 
-0 .007671547 
ae 

-0.00047348 
-0.000593486 
a^  0 

0 . 00984375 
0 . 026052398 


a3 

0  12859375 
-0 , 0000432968 

a7 

-0.20585937 
-C  44184112 
ai  I 

0.00153906 
0  0008807898 
a^  6 


0.00008828  -0.00018921  -0.0O0027539  -0.00000146 

0  00000312996  -0.000435627  -0.000026002  -0.000000640335 


It  is  quite  evident  at  the  present  writing  that  the  above 
equation  is  not  satisfactory  for  the  purpose  for  which  it  was  in¬ 
tended.  Much  more  work  should  be  .one  on  it  if  time  permits,  other¬ 
wise  the  original  mathematical  model  will  be  used  to  determine  the 
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loss  in  excess  of  free  space  over  diffraction  paths. 

A  final  equation  for  A  should  also  Include  the  factors 

h  and  6  where  0  can  be  either  positive  or  negative. 

L  S  69  O2 

6 . 4  Terrain  Rougliness  Factors 

A  problem  which  has  been  foremost  in  the  minds  of  pro¬ 
pagation  engineers  is  that  of  determining  some  sort  of  roughness 
factor  which  will  permit  rapid  calculation  of  field  strength  over 
rough  terrain.  Such  a  factor  whould  have  to  bo  based  on  a  rather 
large  amount  of  statistics  and  the  procedure  envisioned  has  been 
described  earlier  in  Monthly  Report  No.  2. 

In  short,  the  method  proposed  was  to  lay  out  at  random 
a  number  of  paths  from  zero  to  30  miles  in  length,  over  the 
country  involved,  calculate  the  loss  for  those  paths,  and  then 
correlate  these  losses  with  a  roughness  factor.  If  there  could 
be  found  a  correlation  factor  then  it  would  be  possible  to  take 
certain  simple  measurements  from  the  map  of  the  path,  refer  to  a 
curve  or  a  simple  mathematical  model,  and  quickly  predict  the 
path  loss.  This  prediction  process  would  apply  to  the  many  possible 

T 

modes  of  propagation  over  rough  earth  patlis. 

To  test  the  theory,  a  numbei'  of  paths  over  rough  terrain 
within  the  Eglin  Air  Force  Base  were  chosen  since  quite  accurate 
measured  data  were  available.  Calculations  were  made  on  five 
paths  for  frequencies  ranging  from  40  Me  to  10,000  Me,  and  the 
plotted  results  of  one  of  those  path  calculations  are  shown  in 
Figure  6.11,  namely,  the  so-called  Wagner  path. 

In  the  process  of  calculation  using  a  modified  form  of 
3 

the  Rice  model  a  factor  such  as 


3.  Refer  to  Section  6.2 
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appears.  The  exponent,  namely, 


X 

is  known  as  the  Rayleigh  criterion  of  roughness,  where 

is  the  standard  deviation  of  roughness  relative  to 
an  equivalent  smooth  earth, 

is  the  grazing  angle  of  the  reflected  ray, 

X  is  wavelength  of  the  radiated  carrier  frequency. 

The  curves  of  Figure  6  11  show  the  relation  between  A, 
the  loss  in  excess  of  free  space  loss,  and  frequency  for  the  five 
different  transmitting  heights.  The  curves  are  relatively  smooth 
out  to  about  1500  Me  and  then  show  marked  frequency  effects.  The 
original  intent  of  the  problem  is  to  obtain  equations  for  these 
variations  (which  is  possible  out  to  1500  Me)  and  from  these 
equations  ascertain  whether  a  roughness  factor  can  be  obtained. 
The  work  on  this  phase  is  continuing 
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7 .0 


PROJECT  PERSONNEL 


Figure  7.1  shows  the  Jansky  &  Bailey  personnel  who  have 
been  employed  on  Signal  Corps  Contract  DA  36-039  SC-90889  during 
the  present  reporting  period. 
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FUTURE  WORK  PLANS 


During  the  next  six  month  reporting  period  most  of  the 
effort  will  be  devoted  to  implementing  the  ideas  presented  in  tlie 
test  plan.  This  work  will  include  testing  and  modifying  GFE  and 
commercial  equipment  as  required  when  it  is  received,  packing  the 
equipment  in  the  shelters,  and  preparing  the  shelters  for  shipment 
to  Thailand.  Photographs  acquired  from  the  aerial  survey  will  be 
assembled  into  mosaics  so  that  trail  and  foliage  information  may 
be  transferred  from  these  photographs  to  topographic  maps.  Mathe¬ 
matical  models  for  calculating  rough  terrain  path  loss  in  the  ab¬ 
sence  of  foliage  for  each  mode  will  be  developed.  Finally,  it  is  j 

expected  that  the  precise  location  of  the  operations  si  .e  will  be 
selected  and  construction  of  the  sem i -permanen t  buildings  will  be 
ini tiated .  ( 
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9 . 0  MEETINGS  AND  CONFERENCES 

A  chronological  listing  of  the  major  meetings  and  con¬ 
ferences  held  during  this  reporting  period,  as  well  as  a  brief 
description  of  the  topics  discussed,  is  given  in  this  section. 

Conferences  were  held  at  the  Jansky  &  Bailey  facility 
with  USAELRDL  Technical  Representatives  on  5  July  and  26  July  1962. 
The  technical  objectives  of  this  program  were  discussed  in  con¬ 
siderable  detail  during  these  conferences. 

A  conference  was  held  at  Fort  Monmouth,  New  Jersey,  on 
21  August  1962,  to  discuss  both  technical  and  contractual  questions 
relating  to  this  program.  The  results  of  this  conference  led  to 
the  issuance  of  a  contract  Change  Order  dated  29  August  1962. 

This  Change  Order,  Signal  Corp>s  Technical  Requirement  SCL-4379A, 
dated  13  July  1962,  supersedes  Signal  Corps  Technical  Requirement 
SCL-4379 ,  dated  5  February  1962.  Among  other  changes,  the  new 
Technical  Requirement  specifies  that  the  primary  field  tests  in 
this  program  shall  be  conducted  in  Southeast  Asia. 

A  technical  conference  with  the  COTR  was  held  at  USAELRDL, 
Fort  Moiimouth,  New  Jersey,  on  20  October  1962.  During  this  con¬ 
ference  the  contractor  outlined  the  preliminary  field  test  plan  thus 
far  developed,  and  many  technical  aspects  of  this  plan  were  in¬ 
formally  discussed. 

A  joint  meeting  of  ARPA,  USAELRDL,  Jansky  &  Bailey  per¬ 
sonnel,  and  other  interested  agencies,  was  held  at  the  ARPA  offices 
in  the  Pentagon  on  11  October  1962  The  FVogram  Manage;  of  SEACORE 
presented  a  discussion  of  the  entire  program  and  explr.i  ied  the  over¬ 
all  objectives  to  be  accomplished  through  the  Combat  Development 
Technical  Center  (CDTC)  in  Thailand  The  various  ways  in  which 
the  results  of  the  Jansky  &  Bailey  program  would  provide  technical 
suppoi  t  to  the  CDTC  were  discussed. 

A  meeting  with  the  Contracting  Officer  was  held  at  FMPO 
on  17  October  1962  to  discuss  the  contractor's  response  to  Change 
Order,  Modification  No.  1  and  related  contractual  matters.  With 
respect  to  the  schedule  of  technical  reports,  it  was  mutually  agreed 
that  eighteen  monthly  reports  would  be  submitted  for  the  months  of 
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October  1962  through  March  1965.  Also,  three  semi-annual  reports 
are  to  be  submitted  covering  the  periods  July  through  December  1962, 
January  through  June  1964,  and  July  through  December  1964 

A  Joint  meeting  between  the  COTR,  Fort  Monmouth,  ARPA, 
Jansky  &  Bailey,  and  a  representative  from  Stanford  Research 
Institute  was  held  at  the  Jansky  &  Bailey  facility  on  18  October 
1962.  The  purpose  of  this  meeting  was  to  familiarize  Jansky  Si  Bailey 
and  SRI  each  with  tlie  others  program  and  to  further  coordinate  the 
technical  objectives  wi  both  programs. 
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Appendix  A 


An  Analysiy  of  the  fHjadrant  Dipole  Antenna 


Prepared  by 

U.  R.  Reed,  Ph .  D 
Warren  Richards 
William  Munson 


A 


AN  ANALYSIS  OF  THE  QUADRANT  DIPOLE  ANTENNA 


The  purpxiso  of  this  apfX'iuiix  is  to  present  an  analysis 
of  the  quadrant  dijXile  antenna  by  cjerlving  the  formulas  rif'cessary 
to  calculate  the  far  field  patterns.  It  will  be  shf)wn  that  the 
quadrant  diixile  has  virtually  an  omnidirectional  prittern  in  azi¬ 
muth  and  a  high  t;a  i  n  dirc'ctivity  factor  at  large  radiation  angles 
when  elevated  to  certain  lieights  aoove  ground.  With  such  char¬ 
acteristics,  the  antenna  lias  many  ixi.ssible  u.ses  ,  one  of  which  is 
in  short  distance  skywave  circuits.  Several  typical  patterns 
are  sliown  at  the  end  of  this  section  for  selected  antenna  lengths 
and  heights  to  illustrate  these  characteristics. 

The  retarded  vector  potential,  A,  at  any  point  P  is 

given  by 


I  = 


(1) 


where 


r  |t  -  is  current  density  or  charge  as  a  function 

of  (t  -  - 
'  v 

r  is  the  space  displacement  between  A  and  the  time 
varying  current 

v  is  the  velocity  of  propagation  of  the  radiated  wave,  and 
integration  is  over  the  volume  enclosing  the  charge. 

Assume  the  current  densities  in  the  two  radiators  shown 
in  Figure  1  to  be  given  by 


r  -  a^  Iq  sin  _  cos  lu  t  (2) 

y  ^ 


.^-1 


where  it  is  further  assumed  that  the  excitation  current  is  a 
cosine  function  of  time.  Then 


T 

°  I'  sin(Bi  -  Bj)  cos(cut  -  Brx) 
'In  Jo  r 

X 


d? 


since 


2n 

T 


B  and  also  since  — 

V 


B 


(d) 


cos  (ju|t  “  ~  cos(u)t  -  Br) 

wliere  X  is  the  waveleiujth  of  the  carrier  frequency. 

The  volume  integral  is  an  integration  over  the  cross- 
■sectlonal  area  and  length  of  tiie  wire,  and  since  the  wire  is 
of  small  diameter 


idV 

V 


sin(BX  -  BO  cos(uJt  -  Br) 


The  r  apiJoaring  in  Kquation  4  designates  that  the 

X 

displacement  between  A  and  the  time-varying  current  is  measured 
relative  to  the  radiator  oriented  on  the  x-axis. 

Similarly  it  is  seen  that 


sin(B-t  -  ST])  cos(u)t  -  Br  )  .-, 

_ y  dT| 

r 

y 

where  r^  is  the  displacement  between  A  and  the  time-varying 
current  oriented  on  the  y-axis. 

From  Figure  2a,  which  represents  a  point, P,  in  space 
in  a  combined  cartesian-spherical  coordinate  system,  and  from 
Figure  2b,  which  represents  a  portion  of  the  plane  formed  by 


the  radius  OP  and  the  x-axis  it  is  seen  that 


”  To  -  j  cos  /POX  (6) 

where  it  is  further  assumed  that  ro  and  r  represent  parallel 

X 

rays  since  the  point,  P,  is  very  far  removed  from  the  origin,  0. 
From  Figure  2a  it  is  seen  that 


and 


Similarly , 


cos^OX  ■=  sin  9  cos  cp 
cos^OY  =■  sin  0  sin  cp 
r  “  ro  -  ?  sin  0  cos  cp 

X 


r  “  To  -  "H  cos/POY 

y  ^ 

“  To  -  "n  sin  0  sin  cp 

Substitution  of  Equation  9  into  Equation  4  yields 


(7) 

(8) 
(9) 


(10) 


J  -  r  sin(gjt  -  g§)  cos(a)t  -  grp  +  3^  sin  9  cos  cp) 

^  0  ro  -  ?  sin  0  cos  cp 

When  the  distance  from  the  antenna  center,  O,  to  point 
P  is  large  the  5  sin  0  cos  cp  term  in  the  denominator  may  be 
neglected  relative  to  ro ,  but  not  so  in  the  numerator.  Then 
removing  the  r©  outside  the  integral  sign  and  dropping  the 
subscript,  o,  with  r© ,  Equation  11  becomes 


T  ^ 

_  a  lo  n 

Ax  “  4^7^  J  -  B^)  cosC^^Jt  -  Br  +  B?  sin  0  cos  cp)  d?  (12) 

0 

Now  make  use  of  the  trigonometric  relationship 

sin  A  cos  B  “  ^  sin(A  +  B)  +  ^  3in(A  -  B) 
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and 


s in (0  Z  - 

Bj)  cos(a)t  -  Br  +  03  sin 

0  cos 

cp) 

1 

2 

sin 

(Bl  -  Br 

s  out )  -  0  3 

(1  - 

sin 

0  cos  cp )] 

1 

+  7j  Sin 

(0/  +  Br  - 

cut)  - 

B'^ 

(1  4-  sin 

A 


a  lo 

X 

*3  -  -  - 

X  8nro 

L 


J 


sin 


(6/  -  0r  +  cut)  -  Bj  (1  -  sin  0  cos 

1 


J  sin  j^(BX  +  Br  -  cut)  -  6^  (I  +  sin  0  cos  ,)) 


J 


a  L 


8nro 


cos  [(BjI  -  Br  +  (jut)  -  B 'i  (1  -  sin  0  cos  9)] 


B  ( 1  -sin  0  cos  cp) 


cos  [(pi  -f-  jj  r  -  gjt) _ -  g  (  1 _ sin  0  cos  cp)! 

B  (  1  4  sin  0  cos  (p) 


Jo 


X  H  n  I'o  B 


cos  [iut  -  Sr  4  pX  sin  0  cos  (pj  -  cos  [jut  -  E 


cos 


1  -  sin  0  cos  cp 

[-  ju  t  +  Br  -  St  sill  0  (  os  -  cos  [^-  uut  4  Bi 

1  t  sin  0  cos  p: 


9  cos  cp) 


J? 


t 


'0 


r  4-  Bi] 


A 


Since  cos  a  -  cos  (-a) 


cos|^ujt  -  0r  +  0/  sin  0  cos  cpj 

“  cos  uut  +  0r  -  Bi  sin  0  cos  cpj 


/ 

a  Iq 

/ 

cos  ^t  -  0r  +  0X  sin  0  cos  c^  -  cos  ^wt  -  0r)  4 

-  Bx] 

8nro0  1 

1  -  sin  0  cos  cp 

cos  [it  -  B  r  +  B  t  in  0  cos  -  cos  ^(uut  -  0r)  + 

1  +  sin  0  cos  cp 


PI 

X 

0 

/ 

cos  [i 

(uut  -  0r)  4-  BX  sin  0  cos  cpj 

4nroB  ^ 

1  -  sin**  b  cos'' 

cos 

(cut  -  Br)  cos  0X 

1  - 

sin*  0  cos^  ;p 

4- 

sin 

(cut  -  0r)  sin  BX  sin  0  cos  cp 

1  -  sin^  0  cos^  cp 

( 


a^Io 


cos(u<t  -  0r)  |c os  ( 0  f  sin  0  cos  cp)  -  cos  0^1 


'1nroB(l  -  sin^0  cos 
+  sin  (cut  -  0r)  [sin  0X  sin  0  cos  cp  -  sin  (0X  sin  0  cos  cp)^\ 


(  13) 


By  the  symmetrical  relationship  that  exists  betwi/on 
Equations  4  and  5  and  the  relations  of  Equations  9  and  10,  the 
retarded  vector  potential  7^^  may  be  written,  using  Equation  13,  as 
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7f  - 
y 


- 


4nroB(l  -  sln^Q  sii/^f) 


(ujt  -  0r)jcos(B^  sin  6  sin  cp)  -cos  0/J 


+  sin(ujt  -  Br)  |sin  Ql  sin  6  sin  cp  -  sin(B^  sin  0  sin  cp^)  (14) 
For  simplification  write  the  scalar  value  of  as  ^ 


r 

A  =■  —  kg  cos(ujt  -  Br)  +  kj  sin(ujt  -  Br) 

X  r* 


(15) 


A  ■  —  k  cos(uuL  -  Br)  +  Ic.  sin  (wt  -  Br 
y  r  f  Q 


(  1  (') ) 


Now,  trarislt.M'  Iron  c  a  i' t  i“s  i  a  ri  to  spherical  cooiai  i  na  tcis 


usiii}'  the  I  ra  ns  f  o  rnia  t  1  oiis 


A  =  A  sill  0  cos  ip  4  A  s  1  n  0  s  i  n  cp 
r  X  , 


A„  =  i  cos  9  cos  cp  4  A  cos  0  sin  cp 
Ox  y 


A  ■■  -A  1  h  cp  1  \  cos 

cp  X  y 


(  1  /  ) 


together  witAi  liquations  1  A  aici  i  (o  riien 


r 

‘r  ”  r“L^^ 

1^4  r 

^  F  ‘ 


os(ujL  -  Bi)  4  !'.3  s  1  n  (  i;  t  -  Br)  sin  9  cos  , 


4  —  cos(wt  -  B  1' )  4  ,  sin(wt  6)’)  sin  0  si 

r  b  o 


(  )h) 


Ag  =  ^  kp  c’os(uul  -  B  r )  4  1'.3  s  1  ii  (  X  t  Br)  cos  0  cos  cp 


1^4 

—  k 
r  _ 


4-  —  k  cos(xl  -  Br)  4  1;  sin(xl  -  Br)  cos  9  sin  'P 
r  5  o 


( r.t) 


A^  =  -  cos(wt  -  Br)  4  1.3  Bln  (cut  -  Br^  sin  p 


+  —  k  cos  text  -  Br)  4  k  sin(xit  -  r'  cos  p 
r  t,  o 


(20) 
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Now  Tf  -  V  X  .Y 

and  from  Maxwell's  equations 


V  X  II 


at 


i’  a  region  in  wliich  free  charges  do  not  exist.  Then 


V  X  y  X  Y  °  c 


at 


a  nd 


E  -  i-  J  7  X  7  X  r  dt 


(21) 


In  this  derivation  the  assumption  has  been  made  that  the 
ix)int,  P,  is  very  remote  from  the  antenna  location  and,  hence,  r 
is  very  large.  In  the  expression  for  7  x  V  x  Y  all  terms  but  two 
contain  1/r  or  1/r^  .  Since  r  is  large,  these  latter  terms  soon 
become  negligible  with  respect  to  the  other  two  terms  and,  for 
this  case. 


y  X  V  X  Y  -  a  (0) 
r 


d"  A, 


d®  A 


Sr® 


-  a 


9 


Sr* 


(22) 


From  Equation  21  it  can  be  seen  that  -  0  since  the  r 
component  of  y  x  y  x  Y  -  0. 

For  the  9  component  of  y  x  y  x  Y  from  Equation  22, 


y  X  V  X  Y  -  - - - 

'0  Sr®  (23) 

Taking  the  second  derivation  of  Equation  19  and  again 
neglecting  all  terms  containing  1/r*  and  higher  powers  of  r,  it  is 
found  that 


A-9 


(21) 


B"*  A 


9 


For  the  cp  roMi  jx)  nc  n  t  ,  one  obtains  by  a  similar  li 
of  Eiiuation  20 

A 


Tlicii , 


and 


“  B^A 


"9  «  J 


xVvTTdt'l  ^B^.A^dt 


-  9 


e  "  J  9 


E  =  - 
cp  e 


V  V  V  y  T  (It 


B" 


A  dt 

tp 


F., 


ki 


loB 


E, 


- - 

— 

-  s  1  n  ( 'oj  t 

€  r 

B® 

"ic 

c. 

+  - 

_ 

—  • .  1  n  ( 

€  r 

i/ 

/ 

1  cos  0 

C<JS  cp  1 

-  s  1  n^  0  cos^  cp  j 

•3 

Jil 


JJ 


cos  0 


C'O^, 


COS  (6/  sin  9  cos  cp  )  -  cos  B  X 


sin  Bi  sin  9  cos  cp  -  .sin(B^  sin  0  c'os  cp ) 


cos  ( uut  -  B  r 


lo  B  /  „  ^ 

“  '  cos  9  sin  cp 


dnuie  To 


1  -  s  1  n^  9  s  1  n^  cp 


C'>s(R/  sin  0  sin  ’o  )  -  cos 


sin  B^  sin  9  sin  cp  -  .s  i  n  ( B  ^  sin  9  sin  cp )  cos  (uit  -  Br 


•ca  I  rnc' n  t 


{ 2  r. ) 

(26) 


(27  ) 

cos  cp 

9  sin  cp 

s  i  n  (uu  t  -  P  r  ) 

'  N 

) 

J 

9/  sin(a)l  -  Br 

)) 

(2H) 

y 


A-IO 


E  - 
9 


uJcro 


kg  sin(u)t  -  Br)  -  k^  cos  (out  -  B^) 


sin  cp 


UJC  To 


k  sln(u)t  “  Br)  -  k  cos  (tot  -  Br) 

6  B 


cos  cp 


~P  ^0 


9 


f  \ 

sin  cp 

< 

cos  (Bi  sin  9  cos  cp )  -  cos  Bi 

^1  -  sin®  9  cos®cp  ^ 

_ 

V 

sin  (u)t  -  B  r  ) 


-  sin  Bjt  sin  0  cos  cp  -  sin(B^  sin  0  cos  cp)  cos  (cut  -  Br)) 


0  lo 


cos  cp 


4nu>€ro  \l  -  sin®0  sin"cpj 


y 


cos(BX  sin  0  sin  cp)  -  cos  B/ 


sin(u)t  -  Br) 


-  I^sin  Bi  sin  0  sin  cp  -  sin(BX  sin  0  sin  cp)jcos(u)t  -  0r)> 


(29) 


J 


To  simplify  the  mechanics  of  further  calculations,  let 
A  -  cos(0jI  sin  0  cos  cp) 

B  -  -  [sin  0jt  sin  0  cos  cp  -  sin  (Bf  sin  9  cos  cp)^ 

C  -  cos  (Bi  sin  0  sin  cp ) 

D--[sinB-tsin08incp-sin  (BisinOsincp)]  (30) 

The  above  factors  are  common  to  both  E.  and  E  . 

0  cp 


Let  E  “ 


sin  9 


F  - 


1  -  si n*  9  cos^  cp 

_ cos  9 _ 

1  -  sin^9  sin^cp 


G  -  cos  9  cos  cp 

1  -  sin®  0  COB®  cp 


H  -  cos  0  sin  cp 

1  -  sin®0  sin®cp 


(31) 
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Substitution  of  Equations  30  and  31  into  Equations  29 


and  28  yields 


B  lo 

■ 

- ■! 

(E) 

A  sin(u}t  -  Br)  +  B  cos(ujt  -  Br) 

4nujc  ro 

■h  F  [C  sin(mt  -  Br)  +  D  cos(u)t  -  Br)]  ) 
f 

B  lo 


^TTUUe  Tq 


({FA  +  FC)  sin(u)t  -  Br)  +  (EB  +  ED)  cos(u)t  -  Br)> 


y(EA  +  FC)^  +  (ED  +  ED)' 


B  lo 


4nu)«  To 


(32) 


B  lo 


4nuj«  To 


/g[A  sin(ujt  -  Br)  -t-  B  cos(ujt  -  Br)1 

V 


-  life  sin  (ait  -  Br)  +  D  f'(}s(a)t  -  Br)]]^ 
( 


B  If 


4TTU)e  To 


I  (GA  -  HC)  sin(uit  -  Br)  +  (GD  -  HD)  cos(uit  -  Br)> 


-  y(GA  -  HC)^  +  (GD  -  HU)^ 


B  lo 


4na)c  rr 


(33) 
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Figure  A. 3.  Path  Length  Difference. 

When  the  angle  Is  0  for  the  direct  ray,  it  is  180°  -  0 
for  the  reflected  ray. 

sin(180°  -  0)  -  sin  0 
cos  (180°  -  0)  "  -cos  0 
cos(0  +  180°)  -  -cos  0 

Examination  of  Equations  30  and  31  shows  that  for  the  reflected  ray, 
A  is  again  A  D  is  again  B  C  is  again  C 

D  is  again  D  E  is  again  E  F  is  again  F 

but  G  is  now  -G  and  H  is  now  -H 
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and  reference  to  Equations  28  and  29  shows  that 


E-  reflected  -  -E„  direct 
0  9 


E  reflected  -  E  direct 

9  tp 


Now  E  “  E  vl  +  DR  +  2DR  cos  (9^-  0)  “  E 

res  cp  cp  cp 


v/l  + 


1^  -  2D  cos  9  '  (R-  -1  ) 


-  F  / 

9^2  -  2 


cos  0 


Ji  E  J\  - 

cp 


cos  0'-2E  sin^  (O'*-!) 
9  ^ 


In  which  9'  is  the  path  lenj^th  difference  between  the  direct  and  the 

'2n 


reflected  rays  and  as  shown  In  Fl^'ure  3  is,  in  radians,  2h  cos  0 


or  in  degrees  is  2h  cos  0 


360' 


T 


Then 


2n 


E  “  2E  sin  I  itrt  h  cos  0 

res  9  9  \  X 


V 


(3‘1) 


For  the  E  component,  ttiere  is  an  additional  180'’  please 
shift  to  be  considered  for  the  reflected  ray,  so 


E 


res  0 


^0 


/l  +  DR 


+  2DR  cos  (9  '  -  cp  -  180°  ) 


E.  v/l  +  Lf  +  2D  cos  9' 
9 


E  y2  +  2  cos  ^ 
9 

Of  9  ' 

2  Eg  cos  ^ 


Of  ,  2nh 

2E  cos  (  —  cos  9 

9 


(35) 


The  total  value  of  E  horizontally  polarized  is 


T 


n  J 


-»  E  ^  cos^  9 
cp  r  es  9  res 


A -Id 


I 


or 


F 

T  H 


2E^  sin  cos  ^  +  2 


|2Eg  cos  cos  flj  cos  9 


-  2  /hf  sin^  cos  9)  +  E^  cosM  ^  cos  9  )  rr>s=  9 


(;i6) 


,  .  2nh  - 

Let  — r —  cos  9  “  a 


Then  , 


„E,,  -  2  /e’*  sin^a  +  E^  cos®a  cos®  9 
T  M  /  cp  9 


-  2y(E^  -  E®g  cos®  9)  sin®  a  +  E®^  cos®  9  Ci?) 


The  total  value  of  E  vertically  polarized  is  obtain<Ml  in 
a  similar  manner.  However,  in  this  case,  the  vertical  ('omponcni  , 


E  ,  is  assumed  to  be  reflected  from  the  pround  with  zero  phaso  shift 
9 


Thus 


.pEy  -  Eg  sin  9  +  M  +  2DR  cos  (9'  -  180°^'^ 


-EgSin9  j^2-2  cos  9^ 


T^V 


2E-  sin  9  cos 


/  2ttIi 

V  X 


cos  9 


A  measure  of  the  energy  radiated  in  a  given  direction  is  given  by 


E 


Q 


7t^ 


+  E® 
V  T^H 


Example : 


I  - 


a  - 


X 

T 

2TTh 


X 

S' 


cos  9  -  X  cos  9  "  43 . 5‘ 
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0  -  15° 

sin  '13.5°  -  0.688 
T^V  -  0 

0  “  15°  E,  “  0.961  cp  “  90°  E  -  1.0 

0  ^  cp 

cos  0  “  cos  15°  “  0.965 

.j,Ejj  -  2^(1. 0^-  0.961^v  0.965^)  v  0.688^+  0.961''^  0.965^ 

“  1.920K 

.j,Ey  “  .  342  E^  =  1 .97  IK 

0  “  15°  E„  -  1.355  cp  =  135°  E  -  0.147 

0  ^  cp 

cos  0  “  0.965 

.^Ejj  -  2 y<0.  147^  -  1  .355^x  0.965^)  x  0.688®  +  1 . 355®  x  0.965® 

“  1.906 

.^Ey  -  0.481  “  1.97  IK 

where 

B  lo 

K  “  - 

4nuje  To 

Values  of  E^  have  been  plotted  in  Figure.s  4  through  16 
as  a  function  of  the  angles  0  and  -p .  Figures  4  through  7  .show 
the  virtually  omnidirectional  pattoT-n  obtained  for  L  0.25\  (01  = 

and  h  -  0.125\.  Figures  4,  8,  9  andiO  illustrate  the  effect  of 
changing  the  antenna  lieight.  The.se  figures  sliow  that  th»^  omnidirec¬ 
tional  trend  occurs  when  tlie  height  is  an  odd  multiple  of  X /8 . 

Patterns  for  f.  “  O.IX  and  h  -  0.5X  are  shown  in  Figures  11 
through  14.  Tlie  omnidirectional  trend  for  heights  which  are  odd 
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ro|  d 


multiples  of  X/8  is  again  illustrated  in  Figure  15  where  patterns 
for  0  -  15“  ,  jt  -  O.IX  have  been  plotted  as  a  function  of  h/X . 
Figure  10  shows  a  typical  vertical  radiation  pattern. 


A  -  I  ■/ 


Versu 


A  -  1  8 


A  -  1 0 


i  L 


Fi  -  Versus  cf 


